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Abstract 

Background: To answer whether older adults’ cognitive function benefits from ICT use, we (1) examined the relation-
ship between ICT use and cognitive decline during the COVID-19 pandemic and (2) explored the potential role of 
ICT use in mitigating the relationship between loneliness, social isolation, and cognitive decline among community-
dwelling older adults.

Methods: From February to March 2021, a mail survey was distributed to 1,400 older adults aged 70–89 years old. 
Responded participants were 1,003 (71.6% response rate). Subjective cognitive decline (SCD) was the independent 
variable. ICT use was assessed based on ICT use history and current ICT use activities. Loneliness was based on the 
Japanese version of the Three-Item Loneliness Scale. Social isolation was a total score of six items. Covariate-adjusted 
logistic regressions were performed and stratified by age groups (70–79 and ≥ 80 years).

Results: During the COVID-19 epidemic, the proportion of people aged ≥ 80 years who reported cognitive decline 
was twice that of 70s. Non-ICT use was independently associated with a higher risk of cognitive decline in participants 
aged ≥ 80 years. Furthermore, the significant associations between cognitive decline and interaction items (non-ICT 
use by loneliness or social isolation) were observed in the ≥ 80 age group. No association was found in the 70–79 age 
group.

Conclusions: Non-ICT users with high loneliness or social isolation scores were more likely to experience cognitive 
decline for adults age ≥ 80 years. For older adults who were vulnerable to poor social relationships, ICT use is poten-
tially an efficient intervention. Further longitudinal investigations are needed.

Keywords: ICT use, Loneliness, Social isolation, Cognitive decline, Older adults, Japan

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visithttp:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Effective interventions for cognitive health during later 
life are critical considering the age-related cognitive 
changes [1]. Poor social relationships, which are com-
monly assessed by subjective loneliness or objective 
social isolation, have been suggested to be modifiable 
risk factors for adverse cognitive outcomes [2–9]. Older 
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adults are especially vulnerable to poor social relation-
ships [10, 11]. The COVID-19 pandemic future increased 
the risk of feeling longlines or being social isolated due 
to life changes including social distancing, less social par-
ticipation, and limited social communication [12, 13], 
which in turn increases the risk of adverse cognitive out-
comes. It raises a question that how to keep protecting 
cognitive health from loneliness  and  social isolation for 
older adults when social life is limited.

Recent newest researches started to notice the poten-
tial positive effects of information and communication 
technology (ICT) use on memory [14], cognitive function 
[15, 16] and cognitive decline [17, 18]. The use of ICT is 
also expected to be an efficient intervention tool against 
loneliness [19, 20]. In the information age, ICT is becom-
ing increasingly widespread. Social distancing during the 
current COVID-19 pandemic further enriched the use of 
ICT and highlighted its importance. The expanded ICT 
use has also increased the risk of pushing older adults 
into a vulnerable position because of the digital divide 
[21, 22]. Clarifying the ICT use-cognition relationship 
among older adults is imperative to health equity and 
public policies for with/after COVID-19 era. Research is 
still growing, however, there is few evidence of the rela-
tionship between ICT use and cognitive function in an 
Eastern context [18], especially in super-aging Japan so 
far. Meanwhile, the interaction effect between ICT use 
and poor social relationship on cognitive health is less 
explored. This study explored the possible mitigate role 
of ICT use on the association between poor social rela-
tionships and cognitive health.

There are some theoretical mechanisms from the exist-
ing literature that potentially support the hypothesis. 
One is the cognitive reserve theory, which implies the 
presence of cognitive reserve-based individual differ-
ences in the efficiency of protection against age-related 
brain pathology [23]. Larger cognitive reserve can pro-
vide greater resistance to cognitive risks and better per-
formance on cognitive tasks [24–26]. Cognitive reserve 
is a modifiable factor that could be diminished by risk 
factors such as loneliness or social isolation, but it could 
be stimulated by ICT use or ICT use-related factors like 
social interactions, intellectual activities, and leisure 
activities simultaneously [14, 17, 23, 27, 28]. The psycho-
logical pathway is another theoretical pathway linking 
poor social relationship and ICT use to cognitive health 
[8, 29, 30]. Loneliness and social isolation could lead to 
lower capacity for emotional self-regulation and risks for 
negative outcomes like depression, stress, feeling unsafe, 
low self-esteem, and low self-efficacy [31, 32], which in 
turn negatively affect health through risky behaviours 
or high cortisol levels [29, 31, 33]. On the other hand, 
ICT use seems to contribute to better sleep [15], lower 

depression [15], and a sense of empowerment [30] among 
older adults.

Traditional interventions to prevent cognitive decline 
in older adults, in particular the social interactions, are 
facing challenges in the current COVID-19 pandemic. 
Some studies started to treat ICT use as a useful inter-
vention to maintain cognitive function [34]. Examining 
the possibility of linking ICT use to cognitive function 
among older adults may help deepen the understanding 
of disparities in health status due to the digital divide, 
potentially leading to new effective interventions when 
facing barriers to social interactions. The proportion 
of the population with dementia in Japan is about twice 
the world average [35]. However, evidence supporting 
an association between ICT and cognitive function in 
Japan is scarce. Therefore, during the third wave of the 
pandemic, we conducted a survey among older Japanese 
to examine relationships between ICT use and cognitive 
decline. Given the similar theoretical mechanisms relat-
ing social relationships and ICT use to cognitive func-
tion, we further assume that ICT use plays a mitigating 
role on the relationships between loneliness, social isola-
tion, and cognition decline.

Methods
Data and participants
We collected self-reported questionnaire data in T-Town, 
a rural area in western Japan. Older adults aged ≥ 70 years 
were selected randomly from the residential registration 
system using stratified random sampling. We collabo-
rated with the local government and sent 1,400 (about 
20% of the whole population of 70–89 years old) anony-
mous self-administered questionnaires with informed 
consent forms by mail from February to March 2021 
(during the later phase of third wave and under the emer-
gency state in Japan). We explained in the questionnaire 
that this study is not compulsory and data will be ana-
lyzed without identifying individuals. In total, 1003 par-
ticipants completed questionnaires (71.6% response rate).

Ethics
The Osaka University Clinical Research Review Commit-
tee approved this study.

Assessment of variables
Subjective cognitive decline (SCD)
SCD is a self-reported experience of worsening. It is 
viewed as a predictor of future cognitive decline [36–38] 
and an early sign of dementia [39, 40]. It may indicate 
an initial change in cognitive function that cannot be 
detected by objective tests [36]. Participants were asked a 
single question that “Do you feel rapid cognitive decline?” 
and shown a four-point scale (Strongly agree, Slightly 
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agree, Slightly disagree, Strongly disagree). We tested 
the validity of SCD against Kihon Checklist-Cognitive 
Function (KCL-CF) assessment (“Do your family or your 
friends point out your memory loss? E.g.‘You ask the 
same question over and over again.’”, “Do you make a call 
by looking up phone numbers?”, “Do you find yourself 
not knowing today’s date?”) and confirmed a significant 
association between SCD and KCL-CF (Pearson’s corre-
lation coefficient > 0.4) [41] (Analyses using the outcome 
of KCL-CF was shown in supplementary materials). We 
categorized participants based on their responses into 
the cognitive decline group (Strongly agree and Slightly 
agree) and the no cognitive decline group (Slightly disa-
gree, Strongly disagree).

ICT use
ICT use was assessed using two questions: ICT use his-
tory (start from the COVID-19 pandemic or before the 
pandemic or not using) and current ICT activities (send-
ing e-mail; browsing; searching for information; com-
municate with others using LINE, Skype, ZOOM, etc.; 
using social networking service like Twitter, Facebook, 
Instagram, etc.). We deleted contradictory data within 
the two questions. Participants who reported either using 
the ICT since or before COVID-19 pandemic or chose at 
least one of the ICT activities were categorized into the 
ICT use group. Participants who reported “not using” 
and not chose any ICT activity for the second question 
were categorized into the non-ICT use group.

Loneliness and social isolation
Loneliness was assessed using the Japanese version of the 
Three-Item Loneliness Scale [42], which is a short ver-
sion of Revised UCLA Loneliness Scale [43]. All items 
used a three-point scale (1: Hardly ever, 2: Some of the 
time, and 3: Often). Scores can range from 1 to 9, with 
higher scores representing higher loneliness levels. The 
scale has been shown to have high reliability and validity 
for Japanese, including older Japanese adults [42]. Cron-
bach’s α in this study was 0.70, indicating high internal 
consistency.

We adapted the approach of prior studies and then 
derived a social isolation index based on six items [44–
46]. Participants were assigned one point if they (1) did 
not got married; (2) lived alone; (3) did not have a nearby 
supportive social network they can turn to when they 
need to talk to someone; (4) did not regularly meet with 
family or friends at normal times; (5) no weekly contact 
(less than one day a week) with family or friends by tel-
ephones or television telephone devices; (6) no weekly 
social participation (e.g. volunteering, activities with 
local organizations like a neighbourhood association, 
and participation in a local self-governing body). Scores 

ranged from 0 to 6, with higher scores indicating greater 
degrees of objective social isolation.

Other covariates
Sociodemographic covariates included gender (male or 
female), subjective economic status (1–3 scale indicat-
ing the higher point as a higher level), and education (1-5 
scales indicating the higher point as a higher education). 
Physical activities were assessed by weekly sports activi-
ties including walking. Health-related covariates included 
smoking status (smoking, quitted or not smoking), 
comorbidities (none or at least one of the followings: dys-
lipidemia, heart disease, cerebrovascular disease, hyper-
tension, and diabetes). Emotional state covariates consist 
depression (depressive tendency or not) and coronavirus 
anxiety (1–3 point). We applied depression-related items 
(5 items) from Kihon Checklist (KCL) to assess depres-
sion. KCL is a national-used screening scale of 25 items 
to evaluate comprehensive health outcomes including 
physical, psychological, and social domains [47]. Each 
response of difficulty with each item will be assigned one 
point. Using the suggested depressive outcome cut-off 
point of 2, we categorized the 2 of 5 depression-related 
items for depressive tendency group [48, 49]. Coronavi-
rus anxiety score which is a sum of scores of perceived 
risks of getting infected with COVID-19 (1: high; 0: low) 
and death anxiety related to the infection (1: fear; 0: 
unfear).

Statistical analysis
Descriptive analyses and hierarchical regression analy-
ses were conducted for participants aged 70–79  years 
and ≥ 80 years separately. In each age group, differences 
in characteristics between the cognitive decline group 
and the no cognitive decline group were determined 
using the chi-square test for categorical variables and the 
t-test for continuous variables. Based on logistic regres-
sions, Model 1 determined the main effects of poor social 
relationships (loneliness and social isolation) after con-
trolled all the covariates. ICT use was added as modera-
tor in Model 2. The interaction items between ICT use 
and the two social relationship variables were added in 
Model 3 and 4, respectively. We tested the improvement 
of model 2 to 4 by performing likelihood ratio tests [50, 
51]. In addition, we conducted same analyses by using the 
score of KCL-CF as an objective assessment of cognitive 
function status to test the stability of our hypothesis (see 
supplementary materials) [41].

Results
After excluding missing values for all the variables 
in the evaluation, a total of 706 older adults were 
included, which consisted of 484 participants aged 
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70–79  years and 222 participants aged ≥ 80  years. As 
shown in Table  1, SCD is more common in the ≥ 80 
age group (21.6%) than in the 70–79 age group (12.0%). 
Participants who reported SCD felt more loneliness 
and with higher depression risk than participants with 
no cognitive decline in both age groups. Participants 
aged ≥ 80  years with SCD had less use of ICT and a 
higher social isolation score than participants with no 
cognitive decline.

As shown in Table  2, the results of Model 1 
revealed that after controlling for covariates, loneli-
ness (odds ratio [OR] = 1.30, 95% confidential inter-
val [CI] = 1.01–1.69) and social isolation (OR = 1.44, 
95% CI = 1.00–2.06) were significantly related to SCD 
for the participants aged ≥ 80  years. Model 2 showed 
a higher risk of SCD for non-ICT user than ICT user 
in the ≥ 80 age group (OR = 2.25, 95% CI = 1.01,5.01) 

and an improved model fit (Δ − 2 × log = -4.04,  p = 
0.04). Model 3 and 4 shown the interaction terms of 
ICT use by poor social relationships (loneliness, social 
isolation) significantly improved the model good-
ness fit (Δ − 2 × log = -5.12,  p = 0.02 for Model 3; 
Δ − 2 × log = -4.7, p = 0.03 for Model 4) than Model 2 
and both the interaction items significantly predicted 
SCD for the ≥ 80 age group (OR = 2.01, 95% CI = 1.05–
3.85 for Model 3; OR = 2.45, 95% CI = 1.05–5.75 for 
Model 4). Only the association between loneliness and 
cognitive decline is shown in the 70–79 age group. 
For more details, the interaction effects are visualized 
in Fig.  1: Non-ICT users with high loneliness scores 
were more likely to experience SCD compared to 
ICT users with high loneliness. Similarly, older adults 
aged ≥ 80  years who were using ICT did not seem to 
be sensitive to the potential negative effect of social 

Table 1 Characteristics of the study participants

SD Standard deviation, n.s. No significance, ICT Information and communications technology
1 Significantly different from the no decline group (* p < 0.05 ** p < 0.01 ***p < 0.001)
2 comorbidities included none or at least one of the following: dyslipidemia, heart disease, cerebrovascular disease, hypertension, and diabetes

70–79 age group  ≥ 80 age group

No Decline Declined Signif1 No Decline Declined Signif

N 426 58 174 48

Age, mean ± SD 74.01 ± 2.79 74.84 ± 3.03 ** 83.39 ± 2.84 84.21 ± 3.07 *

Gender (%)

  Male 53.3 50.0 n.s. 60.9 60.4 n.s.

  Female 46.7 50.0 39.1 39.6 n.s.

Education, mean ± SD 3.77 ± 0.95 3.50 ± 0.86 ** 3.60 ± 1.05 3.38 ± 1.27 n.s. 

Economic Status, mean ± SD 2.04 ± 0.65 1.78 ± 0.68 *** 1.98 ± 0.65 1.85 ± 0.62 n.s.

Social Isolation, mean ± SD 1.83 ± 0.95 1.97 ± 0.99 n.s. 1.94 ± 0.91 2.35 ± 1.19 ***

Loneliness, mean ± SD 3.45 ± 0.97 4.17 ± 1.60 *** 3.46 ± 1.03 4.15 ± 1.83 ***

Coronavirus Anxiety, mean ± SD 1.36 ± 0.71 1.67 ± 0.57 *** 1.36 ± 0.72 1.52 ± 0.62 n.s. 

Depression (%)

  No 83.6 34.5 *** 73.0 33.3 ***

  Yes 16.4 65.5 27.0 66.7

Weekly sports (%)

  Yes 71.4 60.3 n.s. 58.0 45.8 n.s.

  No 28.6 39.7 42.0 54.2

Smoking (%)

  Smoking 4.2 6.9 n.s. 4.6 8.3 n.s.

  Not Smoking 73.7 72.4 73.6 70.8

  Quited 22.1 20.7 21.8 20.8

Has  comorbidities2, (%)

  No 39.0 37.9 n.s. 28.7 29.2 n.s.

  Yes 61.0 62.1 71.3 70.8

ICT use (%)

  ICT-user 78.2 67.2 n.s. 54.0 31.3 **

  Non-ICT user 21.8 32.8 46.0 68.8
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isolation on cognitive decline. Supplementary analyses 
revealed similar results that combinations of non-ICT 
use and poor social relationships were also related to 
objective cognition function performance (see Supple-
ment Table 1 and Supplement Fig. 1).

Discussions
We examined the relationship between ICT use and SCD 
among Japanese older adults. We found that non-ICT 
users with high loneliness or social isolation scores were 
more likely to experience cognitive decline in the ≥ 80 age 
group after consideration of covariates, not in the 70–79 
age group. It indicated a potential mitigating role of ICT 
use on the negative association between poor social rela-
tionship such as loneliness and social isolation, and cog-
nitive decline in people aged ≥ 80 years.

The associations between ICT use and cognitive 
decline observed in this study corroborated previous 
studies [17, 18] and enriched data from Japan. Building 
a digital society has become one of the national strate-
gies for dealing with social issues in Japan, an aging soci-
ety [52]. A recent report showed that even though older 
adults are the fastest-growing group of ICT users, there is 
a digital divide between older adults and younger adults, 
with a lower rate of ICT use among older adults [52]. A 
study on the health-related outcomes of ICT use in older 
adults could contribute to reducing the digital divide by 
informing digital promotion-based public policies.

Even though the combined risks of non-ICT use and 
poor social relationships were first demonstrated in this 
study, we can find some possible explanations for the 
interaction effects from previous studies, as discussed 
in the introduction. However, the interaction effects of 
ICT use and loneliness or social isolation was age-sen-
sitive. We only found the interaction effects in the ≥ 80 
age group. We hypothesize that this may due to age dif-
ferences in social resources. As we discussed, the influ-
ence of sociality on the cognitive reserve could be one 
potential pathway for the interaction effects of ICT and 
social relationships. However, there is a trend of decline 
in social resources by age [10]. In particular, the very old 
are more likely to live with a limited social network or 
less social support than the younger old [53]. Our results 
revealed that a higher loneliness or social isolation score 
was associated with a higher risk of cognitive decline 
for people aged ≥ 80  years, indicating that the very old 
group is more susceptible to the effect of poor social rela-
tionships [54]. As a result, limited social resources may 
affect strategies for coping with negative feelings for the 
very old people as well as the decline in capacity for self-
regulation [31]. Traditional way for older adults to deal 
with loneliness feelings and network decline could be the 
acceptance [55, 56], but ICT use might work as a new 
tool. Thus, we conclude that the stimulation from ICT 
might be more meaningful to the very old population 
who were susceptible to limitations in social resources.

Table 2 Results of the multilevel logistic regression analysis

 † p < 0.1, * p < 0.05. ICT Information and communications technology, ref Reference, LLR Likelihood ratio

Models were all adjusted for gender, education, economic status, coronavirus anxiety, depression, weekly physical activities, smoking status, and comorbidities. Model 
2 = Model 1 + ICT use. Model 3 = Model 2 + ICT use × Loneliness. Model 4 = Model 3 + ICT use × Social Isolation
a results of likelihood ratio tests. Differences of -2LLR between Model 1&2, Model 2&3, Model 2&4

70–79 age group  ≥ 80 age group

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

Odds ratio [95% confidence intervals] Odds ratio [95% confidence intervals]

Loneliness Score 1.28* 1.28* 1.41* 1.28* 1.30* 1.32* 0.86 1.35*

[1.01,1.63] [1.00,1.62] [1.05,1.89] [1.00,1.62] [1.01,1.69] [1.01,1.73] [0.52,1.45] [1.03,1.78]

Social Isolation Score 0.98 0.98 0.98 0.98 1.44* 1.41 † 1.44 † 0.76

[0.71,1.36] [0.70,1.35] [0.71,1.35] [0.65,1.47] [1.00,2.06] [0.98,2.02] [0.99,2.10] [0.37,1.56]

Non ICT-user 1.21 3.79 1.23 2.25* 0.17 0.36

(ref: ICT-user) [0.59,2.47] [0.51,28.35] [0.29,5.27] [1.01,5.01] [0.01,2.02] [0.06,2.29]

Non ICT-user × Loneliness 0.75 2.01*

(ref.: ICT-user × Loneliness) [0.46,1.21] [1.05,3.85]

Non ICT-user × Social isolation 0.99 2.45*

(ref.: ICT-user × Social isolation) [0.52,1.90] [1.05,5.75]

N 484 484 484 484 222 222 222 222

 − 2 LLR 278.18 277.92 276.52 277.92 194.24 190.2 185.08 185.5

△ − 2  LLRa -0.26 -1.4 0 -4.04* -5.12* -4.7*
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Emergencies like a pandemic could be a source of stress 
[57]. Beyond the life changes that come with shutdowns, 
older adults also need to cope with a higher risk of infec-
tion and death [58]. Studies from the Eastern context 
reported older adults’ emotional responses to the pan-
demic were more apparent considering the high mor-
tality rate [59]. Thus, we controlled emotional health as 

covariates and conducted supplementary analyses using 
objective cognitive health outcome, which revealed the 
stability of our results. On the other hand, the decline of 
social reaction is common in daily life for older adults. 
Some studies also reported that older adults had fewer 
life changes than younger adults [60, 61]. Therefore, 
we suggested our findings is not only applied for an 

Fig. 1 Interaction effects between ICT use and social relationships on cognitive decline by age group
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emergency context, but also applied for a normal context 
for older adults.

The findings in this study have practical implica-
tions. ICT has been used in medical practice as part 
of online treatment or training programs [34, 62]. We 
found that general informal ICT use among commu-
nity dwellers in daily life could also have positive out-
comes on cognitive function, especially in the very old 
population. Considering the effect of the digital divide 
on health and age-sensitive social vulnerability, infor-
mation on ICT use among older adults in different 
contexts needs to be understood. However, we cannot 
conclude that ICT use is a must for cognitive interven-
tion since several evidence from younger populations 
indicated that excessive ICT use has negative effects 
on cognitive health [63, 64]. More details on ICT use 
among older adults, like frequency or time, should be 
measured in the future. There is a possibility that those 
with cognitive decline did not respond to the question-
naire, which may affect our results. Another major 
limitation is that we could not infer causal directions 
between ICT use or the interaction effects and cogni-
tive decline using our cross-sectional data. However, 
we cannot deny that ICT might affect cognitive decline 
since some studies found a bidirectional relationship 
between ICT use and cognitive function [16]. A longi-
tudinal design is suggested to gather stronger evidence 
on causality. The high number of missing data is also a 
limitation of this study which mainly comes from the 
variable of ICT use items (15% missing); however, the 
missing cases of ICT use item were not found to be 
population with cognitive declined so it may not have 
affected overall results.

The major strengths of this study are the high 
response rate (71.6%) and a large random sample, 
which reduced nonresponse bias and suggests that our 
results are representative [65]. Data on ICT use among 
older adults is rare, especially data on the very old pop-
ulation. Our study is also highly relevant to the present 
situation and may contribute to with/post-pandemic 
era since poor social relationships are common during 
later life.

In conclusion, we have found a potential positive cog-
nitive outcome of ICT use and a potential mitigating role 
of ICT use on the negative association between loneli-
ness, social isolation, and cognitive decline in people 
aged ≥ 80  years. ICT use could be an effective solution 
to coping with poor social relationship-related cogni-
tive decline for older adults with limited social resources. 
Further longitudinal design to study the intensity of ICT 
use and cognitive function is needed.
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