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Abstract: One of the prominent interventions to tackle loneliness and social isolation in older adults
is social facilitation. The present study investigated whether similarities in cognitive functions
that are sensitive to age play a role in confidant social networks among older adults. We analyzed
the data of 252 community-dwelling older adults in Wakuya City, Miyagi Prefecture, Japan, who
responded to a self-administered questionnaire and cognitive health checkups provided by the city
in 2017. We performed Exponential Random Graph Model and investigated educational attainment,
orientation, word registration, clock drawing, delayed recall, verbal fluency and logical memory
homophily while adjusting for density, reciprocity, age, sex living arrangement, presence of disability
in instrumental activities of daily living, educational attainment and cognitive impairment status. The
probability of a confidant tie with an older adult was significantly reduced by 6% (odds ratio (OR): 0.94,
95% confidence interval (CI): 0.90–0.99) for one score difference in logical memory, and marginally
increased by 5% (OR: 1.05; 95% CI: 1.00–1.11) for one score difference in delayed recall. There was no
significant association between educational attainment and other age-associated cognitive functional
scores. Our findings suggest that similar logical memory functions play a role in strong social network
building among community-dwelling older adults in Japan.

Keywords: network analysis; homophily; age-associated cognitive function; old; Japan

1. Introduction

Loneliness and social isolation in older adults are major public health concerns. They
refer to functional and structural aspects of poor social relations [1,2], and their estimated
prevalence is as high as 30% for loneliness and 55% for social isolation [3,4]. Many older
adults experience the loss of one or more close relationships due to age-associated life
events (e.g., losses of spouse, relatives or friends, losses of social roles, declined health and
functional capacity) [5]. A lack of people whom they can talk to or count on in times of
trouble imposes high stress, poor coping and serious health consequences on older adults.
There is strong evidence that lonely, socially isolated older adults are at elevated risk of
maladaptive health behaviors, serious medical conditions such as cardiovascular disease,
depression, suicide and mortality from all causes [6].

One of the prominent interventions to tackle loneliness and social isolation in older
adults is social facilitation—bridging people and facilitating them to build meaningful
relations [7,8]. Network studies report “homophily” (i.e., the tendency where people
who are similar are more likely to be associated) is frequently observed in empirical
settings and proposed as a strong driving force for the initiation and maintenance of social
relationships [9]. The population of older adults is not a homogenous one but characterized
by cognitive variance in fluid intelligence, which is enlarged in the normal course of aging
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and progression of age-associated neurodegenerative diseases [10]. Cognitive homophily
on the basis of general intelligence, academic achievements and educational attainment
was reported among high school friends, college roommates and spouses, including a few
older adult participants [11–17]. Similarities in age-associated cognitive function may be a
key driving force of strong social ties in older adults; however, no study has investigated
this hypothesis to date.

In an examination of homophily, it is important to rule out the possible structural
effect because social relations are not purely independent but built upon social structure
instead [18]. It is also important to examine adjusting for individual attribute effects because
individual differences in cognitive function may affect the likelihood of forming confidant
relations (i.e., older adults with higher cognitive function may be more popular and those
with higher cognitive function are likely to form confidant relations with others with higher
cognitive function) [18]. The Exponential Random Graphic Model (ERGM) analysis allows
the investigation of homophily effects in the observed whole network while controlling for
both structural and individual attribute effects [19].

Japan is the world’s most super-aged nation, with almost one-third of the popula-
tion being 65 years and above as of 2020 [20], and one in every six of them suffer from
dementia [21]. Moreover, the country has also been named as one of the loneliest or socially
isolated countries in the world (e.g., 20% of older adults living alone, and 25.9% of seniors
aged 60+ do not have any close friends outside their family compared to 11.9% in the United
States, 17.1% in Germany and 8.9% in Sweden as of 2015) [4,20]. In 2021, the government
appointed a cabinet minister in charge of loneliness and social isolation to countermeasure
the current situation. The aim of the present study was to examine whether similarities
in age-associated cognitive function play a significant role in confidant social networks
among older adults using the ERGM analysis.

2. Materials and Methods
2.1. Participants

A self-reported survey was distributed in late August 2017 to all the residents affiliated
with the national health insurance or late-stage medical care system and turning 65 years
or older during the Japanese fiscal year of 2017 in Wakuya City, Miyagi Prefecture, Japan
(n = 4902). These two public health insurance cover 87.3% of residents aged 65 and above as
of 2017 [22]. In total, 1722 agreed to participate and returned the completed questionnaire
(response rate: 35.1%) by mail. A total of 906 responses were eligible for the social network
analysis, and the current study analyzed 252 responses that were able to tie with cognitive
health checkups data of the same year. Cognitive health checkups were provided to
community-dwelling residents aged 65+ as part of the national health insurance and late-
stage medical care system, and none of the participants were diagnosed with dementia or
under medication relevant to the treatment of dementia.

2.2. Aging-Related Cognitive Function

Age-associated cognitive function was assessed by the Japanese version of the Quick
Mild Cognitive Impairment Screen (Qmci-J), which showed the good concurrent validity
against the standardized Mini-Mental State Examination (sMMSE) and moderate positive
correlation with it with a very similar cut-off to the original version in community-dwelling
Japanese older adults [23]. Qmci is a reliable and valid screening tool for cognitive im-
pairment based on the assessment of orientation (awareness of time and place), word
registration (immediate recall of five words), clock drawing (drawing a clock face with
a specified time), delayed recall (recall of the five words two and half a minute after),
verbal fluency (a total number of words relating to a named category), and logical memory
(immediate verbal recall of a short story). Each domain score ranged from 0 to 10, 0 to 5, 0
to 15, 0 to 20 and 0 to 30, respectively, and a total score ranged from 0 (indicating serious
cognitive impairment) to 100 (no indication of cognitive impairment) [24].
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2.3. Confidant Social Network

We measured whether or not and with whom participants formed confidant ties. In
order to identify confidants within the household, we asked the participant to list their
household members. We identified the spouse as a confidant if the participant rated
marital satisfaction as six points or higher on a 10-point Likert scale or rated five points
or lower but reported the presence of someone to complain to and/or consult problems
with. With respect to non-co-residing confidants, we asked the participants to provide “real
name”, “sex”, “residential address up to district name” and “age” of whom they disclosed
their worries and anxiety in their community. After excluding those living outside of
Wakuya City, we identified the same person with the following criteria: (1) their first and
family names were spelled in the same Japanese kanji or hiragana), (2) their sex were
matched, (3) their age difference was less than three years and (4) their residential districts
were matched.

2.4. Demographics

We obtained information about age, sex and educational attainment (i.e., elementary
school equivalence or less, junior high school equivalence, high school equivalence or
college and above) from the cognitive health checkups data and higher-level functional
independence based on the Tokyo Metropolitan Institute of Gerontology Index of Compe-
tence (TMIG-IC) by the questionnaire. As for education, we classified the participants with
elementary school equivalence or less and junior high school equivalence in one category
since there were few who received formal education of equivalent or less than elementary
school. As for functional independence, we applied 12/13 cut-off scores [25].

2.5. Statistical Analysis

We assumed there was a tie (i.e., social connection) between two nodes (i.e., partic-
ipants) when at least one of them named the other as a confidant. The network density
was computed by the observed number of ties divided by the total number of potential
ties among the participants, which is “n” multiplied by “n-1” divided by two. We per-
formed ERGM analysis using Markov Chain Monte Carlo (MCMC simulation) on our
directed network, using the ergm package on R version 4.0.3. Following the literature
and text [26,27], we specified Yij as the probability of a confidant dyadic tie between the
node i and the node j being present (1) or absent (0) and examined the probability of
a tie being present (1) as two nodes differ by one educational attainment category and
one score on each Qmci-J sub-scale scores (i.e., orientation, registration, clock drawing,
delayed recall, verbal fluency and logical memory). Then we calculated the coefficient
of coefficients-the log-odds likelihood of any confidant tie with another older adult and
converted the log-odds to compute odds ratio (OR) using the following formula: exponen-
tial (edge coefficient)/{1 + exp (edge coefficient)}. The 95% confidence interval (CI) was
computed by exponential (edge coefficient ± 1.96 ×standard error)/{1 + exponential (edge
coefficient ± 1.96 × standard error)}. Adjusting the effects of edges (i.e., a total number
of ties), reciprocity (i.e., the tendency that if A says that she nominates B as a confidant, B
is more likely to nominate A as a confidant, irrespective of other factors) and individual
actors’ demographics and cognitive impairment status, decreased OR for a tie formation by
the increased cognitive functional difference between nodes indicates cognitive homophily
(i.e., the tendency that A is more likely to nominate B as a confidant if A and B have similar
cognitive functions), and increased OR indicates cognitive heterophily (i.e., the tendency
that A is less likely to nominate B as a confidant if A and B have similar cognitive functions).
The Akaike information criterion (AIC) and the Bayesian information criterion (BIC) were
computed to check the model fit.

3. Results

Table 1 summarizes the participants’ characteristics. Our participants were 73.4
(SD = 6.1) years old on average, and slightly more than half of them were female. The most
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common educational attainment was high school (58.7%), followed by junior high school
or less (23.8%). About 40% of the participants had a higher-level functional disability, and
46.7% were suspected of cognitive impairment (the average total score of the Qmci was
58.9 ± 12.0, and the average sub-test score was 9.7 ± 0.8 for orientation, 3.8 ± 1.1 for word
registration, 13.7 ± 2.9 for clock drawing, 15.1 ± 5.2 for delayed recall, 7.1 ± 2.4 for verbal
fluency and 9.5 ± 5.9 for logical memory). Of the 252 participants, 83.7% (n = 211) were
living with another person (young/old), and 73.0% (n = 184) had at least one confidant
(young/old) outside the household but within the same city. After excluding unsatisfied
spousal ties (n = 8), we identified 79 ties, with 54 ties being two-way directed. Among them,
35 ties were directed to friends, relatives or neighbors outside the household.

Table 1. Demographic and age-associated cognitive functional characteristics of the participants
(n = 252).

Variables n % Mean
(SD)

Age 252 73.4 (6.1)
Sex

Male 113 44.8
Female 139 55.2

Living arrangement (alone)
Alone 41 16.3
With other 211 83.7

Educational attainment
Junior high school or less 60 23.8
High school 148 58.7
College and above 44 17.5

Higher-level functional capacity
No impairment 139 55.2
Disability present 99 39.3
Missing 14 5.6

Cognitive impairment
Likely normal 136 54.0
Suspected mild cognitive impairment 73 29.0
Suspected dementia 43 17.1

Table 2 presents the results of the ERGM analysis. In the final model (AIC = 847;
BIC = 1019), we observed a significant inverse association between differences in logical
memory scores and a formation of confidant relational tie (coefficient = −0.057, SE = 0.026,
p = 0.029). One score difference in logical memory decreased the probability of confidant tie
formation (OR: 0.94, 95% Confidence Interval: 0.90, 0.99), indicating people who are similar
in logical memory scores were more likely to form the tie. On the other hand, we observed
a tendency of a positive association between absolute differences in delayed recall scores
and a formation of confidant relational tie (coefficient = 0.050, SE = 0.028, p < 0.10) with OR
of 1.05 (95% Confidence Interval: 1.00, 1.11). Neither significant homophily nor heterophily
effects were observed with respect to educational attainment and cognitive functions in
orientation, registration, clock drawing and verbal fluency.

Figure 1 presents the visual association of logical memory scores with the confidant
network in our participants. While the score difference between the connected nodes
ranged from 0 to 22, 15 ties (19%) were established between the nodes of the same size
(=the same logical memory score). More than half (55.7%) of the ties were established
between the nodes with less than five score differences, and the ties with more than ten
score differences accounted for less than 10% (n = 6).
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Table 2. Exponential Random Graph Models predicting confidant ties among older adults based on
difference in age-associated cognitive functions between nodes among the participants (n = 252).

Variables Adjusted OR 95% CI p-Value

Difference in educational attainment
Same level 1.00
One level of difference 0.68 (0.35, 1.29) 0.24
Two levels of difference 0.39 (0.10, 1.47) 0.17

Difference in age-associated cognitive
function
One score difference on orientation 1.14 (0.85, 1.53) 0.37

One score difference on registration 0.90 (0.68, 1.18) 0.41
One score difference on clock

drawing 1.01 (0.94, 1.08) 0.83

One score difference on delayed
recall for words 1.05 (1.00, 1.11) 0.075

One score difference on verbal
fluency 1.02 (0.90, 1.15) 0.76

One score difference on logical
memory 0.94 (0.90, 0.99) 0.029

Akaike Information Criterion = 847
Bayesian Information Criterion = 1019

Notes: adjusted OR = odds ratio in the model adjusted for the effects of edges, reciprocity and individual actors’
sex, age, living arrangement, higher-level functionality, educational attainment and level of cognitive impairment
in a probability of a confidant tie formation.

Figure 1. Visual representation of confidant network.

Nodes represent participants, and ties between nodes represent one or two-way
confidant relational ties, where an arrow indicates a direction. Nodes without any tie were
isolates. Node size corresponds to the participants’ logical memory score (larger nodes
reflect better function).
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4. Discussion

This is the first study to investigate the age-associated cognitive functional homophily
in the confidant social network of community-dwelling older adults using ERGM analysis.
Having adjusted for several structural and individual attributable factors, we observed
dissimilarity in logical memory function to be associated with a decreased probability and
similarity in delayed recall function to be associated with a higher probability to form a
confidant tie with another older adult in the same community. On the other hand, we
document neither significant homophily in educational attainment nor other age-associated
cognitive domains (i.e., orientation, registration, clock drawing and verbal fluency).

Connecting to others who are similar is a fundamental building block of social rela-
tions. Our documentation of logical memory homophily is consistent with earlier network
studies on high school friends, college roommates and marital partners that documented
cognitive homophily [11–17]. However, confidant social networks of community-dwelling
older adults were not based on educational attainment as reported previously in young
populations but based on logical memory. Logical memory is one of the most salient
cognitive domains that degenerates with age and is most sensitive to detecting cognitive
impairment among all the Qmci measurements [24]. Consistent with our findings, a study
in the U.S. reported that health behavioral characteristics of older adults’ egocentric social
networks were significantly positively associated with health behaviors (i.e., health behav-
ioral homophily), but educational attainment was not a significant predictor [28]. Older
adults may estimate whether they have a similar cognitive ability to themselves on the
basis of logical memory during communication rather than educational attainment a few
to several decades ago.

We also found marginally delayed recall heterophily on confidant tie formation, which
was contrary to the hypothesis. However, it is common for older adults to have non-
reciprocal social support from younger generations who have better cognitive functions [9].
The tip of the tongue, temporary inability to retrieve familiar words and names, is the
most commonly reported memory error that older adults experience in the normal course
of the day [29]. Experiences of receiving and/or providing help with common memory
errors may serve to build a confidant relationship with other older adults rather than
discouraging it.

Although our data and findings are unique, we must note several limitations of the
study. First, our study participants were residents of a small city in rural Japan and did
not compose of older adults who were affiliated with the social insurance system and
those who chose not to participate in the survey/cognitive health checkups. Sharing
similar social backgrounds and health statuses could lead us to over-estimate cognitive
homophily, although we documented a variation in age-associated cognitive functions,
particularly with respect to delayed recall and logical memory, among our participants. Still,
the generalizability of our findings in a bigger urban community and different countries
remains an important research topic for future studies. Second, some of our participants
were cognitively impaired. Dementia status could affect the actual number and the recalled
number of confidant relational ties [30,31], which would lead to overestimating homophily
effects. However, none of the participants were medically diagnosed with dementia and
managed to live independently in the community. Furthermore, we adjusted for the effects
of cognitive impairment on a probability of a confidant tie formation by adding individual
actors’ cognitive impairment status in the model when we investigated homophily effects.
Third, we did not investigate physical and mental health homophily. Investigation of other
health attributes would help us to understand the nature of confidant social networks in
later life. Finally, Framingham social network studies indicated several health behaviors
as risk factors for cognitive impairment that is spread from person to person integrated
into the same social network [32–34]. However, our data were cross-sectional, and thus,
we cannot infer whether age-associated cognitive homophily was a result of selection or
influence, or both.
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The number of older adults living in single-person households has been increasing,
and one in every four Japanese seniors lack confidants other than their families [4,20]. Japan
has 89,498 senior social clubs [35] and 5249 long-term care preventive care facilities and
service providers [36]. In order to promote confidant tie formation among community-
dwelling older adults, facilitators may consider putting people who are similar in the
ability to process and recall conversations in the same group rather than grouping them
at random in activities. Moreover, we should pay attention to the activity contents. In
addressing their failed peer support telephone dyad intervention, Heller and his colleagues
advocated that activities in which participants share events that require coping “currently”
would be essential in facilitating new “confidant” relation-building [37]. Providing pair or
group-based talk opportunities on current problems among community-dwelling older
adults with a similar level of logical memory may therefore be useful in building social
networks where the community-dwelling older adults consult each other on their daily
problems and challenges. On the other hand, some community-dwelling older adults
may not fit in or drop out of the group due to the progression of age-associated cognitive
impairment. An alternative strategy for social facilitation in such cases is befriending,
where clinicians, care providers or social workers connect with volunteers who would be
willing to provide social support and companionship on a regular basis [7,8].

5. Conclusions

The similarity in logical memory and dissimilarity in delayed recall functions, but
not educational attainment, was associated with an increased probability of the confidant
social network among the community-dwelling older adults in Japan.

Author Contributions: Data curation, A.M.; Formal analysis, A.M.; Funding acquisition, A.M. and
T.F.; Investigation, A.M.; Methodology, A.M. and T.F.; Writing—original draft, A.M.; Writing—review
and editing, A.M., Y.T. and T.F. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received funding from Health, Labour and Welfare Policy Research Grants
(H29-Seisaku-Shitei-004), Grants-in-Aid for Scientific Research from the Japan Society for the Pro-
motion of Science (JSPS KAKENHI 16H06768, 17K19794, 19K10639) and Tokyo Medical and Dental
University (2017).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Tokyo Medical and Dental University
(M2000-2077, approval) for studies involving humans.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request and permission from the
Institutional Review Board.

Acknowledgments: The authors would like to thank all the individuals and organizations that made
the study possible and Yoko Murakami for her technical assistance.

Conflicts of Interest: The authors have no conflicts of interest to declare.

References
1. Leigh-Hunt, N.; Bagguley, D.; Bash, K.; Turner, V.; Turnbull, S.; Valtorta, N.; Caan, W. An overview of systematic reviews on the

public health consequences of social isolation and loneliness. Public Health 2017, 152, 157–171. [CrossRef] [PubMed]
2. Mehrabi, F.; Beland, F. Effects of social isolation, loneliness and frailty on health outcomes and their possible mediators and

moderators in community-dwelling older adults: A scoping review. Arch. Gerontol. Geriat. 2020, 90, 104119. [CrossRef] [PubMed]
3. Tsuji, T.; Saito, M.; Ikeda, T.; Aida, J.; Cable, N.; Koyama, S.; Noguchi, T.; Osaka, K.; Kondo, K. Change in the prevalence of social

isolation among the older population from 2010 to 2016: A repeated cross-sectional comparative study of Japan and England.
Arch. Gerontol. Geriatr. 2020, 91, 104237. [CrossRef] [PubMed]

4. Surkalim, D.L.; Luo, M.; Eres, R.; Gebel, K.; Van Buskirk, J.; Bauman, A.; Ding, D. The prevalence of loneliness across
113 countries: Systematic review and meta-analysis. BMJ 2022, 376, e067068. [CrossRef] [PubMed]

http://doi.org/10.1016/j.puhe.2017.07.035
http://www.ncbi.nlm.nih.gov/pubmed/28915435
http://doi.org/10.1016/j.archger.2020.104119
http://www.ncbi.nlm.nih.gov/pubmed/32562956
http://doi.org/10.1016/j.archger.2020.104237
http://www.ncbi.nlm.nih.gov/pubmed/32861955
http://doi.org/10.1136/bmj-2021-067068
http://www.ncbi.nlm.nih.gov/pubmed/35140066


Int. J. Environ. Res. Public Health 2022, 19, 4574 8 of 9

5. Wrzus, C.; Hänel, M.; Wagner, J.; Neyer, F.J. Social network changes and life events across the life span: A meta-analysis. Psychol.
Bull. 2013, 139, 53–80. [CrossRef]

6. Courtin, E.; Knapp, M. Social isolation, loneliness and health in old age: A scoping review. Health Soc. Care Community 2017, 25,
799–812. [CrossRef]

7. Gardiner, C.; Geldenhuys, G.; Gott, M. Interventions to reduce social isolation and loneliness among older people: An integrative
review. Health Soc. Care Community 2018, 26, 147–157. [CrossRef]

8. Freedman, A.; Nicolle, J. Social isolationand lonelines: The new geriatric giants: Approach for primary care. Can. Fam. Physician
2020, 66, 176–182.

9. McPherson, M.; Smith-Lovin, L.; Cook, J.M. Birds of a Feather: Homophily in Social Networks. Annu. Rev. Sociol. 2001, 27,
415–444. [CrossRef]

10. Morse, C.K. Does variability increase with age? An archival study of cognitive measures. Psychol. Aging 1993, 8, 156–164.
[CrossRef]

11. Boutwell, B.B.; Meldrum, R.C.; Petkovsek, M.A. General intelligence in friendship selection: A study of preadolescent best friend
dyads. Intelligence 2017, 64, 30–35. [CrossRef]

12. Burgess, S.; Sanderson, E.; Umana-Aponte, M. School ties: An analysis of homophily in an adolescent friendship network. In The
Centre for Market and Public Organisation 11/267; University of Bristol: Bristol, UK, 2011.

13. Meldrum, R.C.; Young, J.; KAvish, N.; Boutwell, B. Could peers influence intelligence during adolescence? An exploratory study.
Intelligence 2019, 72, 28–34. [CrossRef]

14. Sacerdote, B. Peer Effects with Random Assignment: Results for Dartmouth Roommates. Q. J. Econ. 2001, 116, 681–704. [CrossRef]
15. Mascie-Taylor, C.G.N. Spouse similarity for IQ and personality and convergence. Behav. Genet. 1989, 19, 223–227. [CrossRef]
16. Vinkhuyzen, A.A.; Van Der Sluis, S.; Maes, H.H.M.; Posthuma, D. Reconsidering the Heritability of Intelligence in

Adulthood: Taking Assortative Mating and Cultural Transmission into Account. Behav. Genet. 2011, 42, 187–198. [CrossRef]
17. Plomin, R.; Deary, I.J. Genetics and intelligence differences: Five special findings. Mol. Psychiatry 2015, 20, 98–108. [CrossRef]
18. Siciliano, M.D. Advice Networks in Public Organizations: The Role of Structure, Internal Competition, and Individual Attributes.

Public Adm. Rev. 2015, 75, 548–559. [CrossRef]
19. Van der Pol, J. Introduction to Network Modeling Using Exponential Random Graph Models (ERGM): Theory and an Application

Using R-Project. Comput. Econ. 2019, 54, 845–875. [CrossRef]
20. Japanese Cabinet Office. Annual Report on the Ageing Society [Summary] FY2021; Cabinet Office: Tokyo, Japan, 2021; pp. 1–14.
21. Asada, T. Prevalence of dementia in Japan: Past, present and future. Rinsho Shinkeigaku 2012, 52, 962–964. [CrossRef]
22. Wakuya City. Wakuya-Cho Koureisya Fukushi Keikaku Dainanaki Kaigohoken Zigyou Keikaku; Gyousei: Wakuya, Japan, 2018; pp. 1–83.

(In Japanese)
23. Morita, A.; O’Caoimh, R.; Murayama, H.; Molloy, D.W.; Inoue, S.; Shobugawa, Y.; Fujiwara, T. Validity of the Japanese Version of

the Quick Mild Cognitive Impairment Screen. Int. J. Environ. Res. Public Health 2019, 16, 917. [CrossRef]
24. O’Caoimh, R.; Gao, Y.; Gallagher, P.F.; Eustace, J.; McGlade, C.; Molloy, D.W. Which part of the Quick mild cognitive impairment

screen (Qmci) discriminates between normal cognition, mild cognitive impairment and dementia? Age Ageing 2013, 42, 324–330.
[CrossRef] [PubMed]

25. Fujiwara, Y.; Shinkai, S.; Kumagai, S.; Amano, H.; Yoshida, Y.; Yoshida, H.; Kim, H.; Suzuki, T.; Ishizaki, T.; Watanabe, S.; et al.
Changes in TMIG-Index of Competence by subscale in Japanese urban and rural community older populations: Six years
prospective study. Geriatr. Gerontol. Int. 2003, 3, S63–S68. [CrossRef]

26. Fit, Simulate and Diagnose Exponential-Family Models for Networks. Available online: www.cran.r-project.org/web/packages/
ergm/ergm.pdf (accessed on 10 March 2022).

27. Suzuki, T. 7.5 Exponential Random Graph Model. In Network Analysis; Kyoritsu Publisher: Tokyo, Japan, 2018; pp. 175–203.
(In Japanese)

28. Flatt, J.D.; Agimi, Y.; Albert, S.M. Homophily and Health Behavior in Social Networks of Older Adults. Fam. Community Health
2012, 35, 312–321. [CrossRef] [PubMed]

29. Ossher, L.; Flegal, K.E.; Lustig, C. Everyday memory errors in older adults. Aging Neuropsychol. Cogn. 2013, 20, 220–242.
[CrossRef]

30. Gow, A.J.; Corley, J.; Starr, J.M.; Deary, I.J. Reverse causation in activity-cognitive ability associations: The Lothian Birth Cohort
1936. Psychol. Aging 2012, 27, 250–255. [CrossRef]

31. Stoykova, R.; Matharan, F.; Dartigues, J.-F.; Amieva, H. Impact of social network on cognitive performances and age-related
cognitive decline across a 20-year follow-up. Int. Psychogeriatr. 2011, 23, 1405–1412. [CrossRef]

32. Christakis, N.A.; Fowler, J.H. The Spread of Obesity in a Large Social Network over 32 Years. N. Engl. J. Med. 2007, 357, 370–379.
[CrossRef]

33. Rosenquist, J.N.; Fowler, J.H.; Christakis, N.A. Social network determinants of depression. Mol. Psychiatry 2010, 16, 273–281.
[CrossRef]

34. Christakis, N.A.; Fowler, J. The Collective Dynamics of Smoking in a Large Social Network. N. Engl. J. Med. 2008, 358, 2249–2258.
[CrossRef]

35. Number of Senior Clubs and Members According to Prefectures and Cities in Japan. Available online: http://zenrouren.com/
siryou/memberr03.html (accessed on 10 March 2022).

http://doi.org/10.1037/a0028601
http://doi.org/10.1111/hsc.12311
http://doi.org/10.1111/hsc.12367
http://doi.org/10.1146/annurev.soc.27.1.415
http://doi.org/10.1037/0882-7974.8.2.156
http://doi.org/10.1016/j.intell.2017.07.002
http://doi.org/10.1016/j.intell.2018.11.009
http://doi.org/10.1162/00335530151144131
http://doi.org/10.1007/BF01065906
http://doi.org/10.1007/s10519-011-9507-9
http://doi.org/10.1038/mp.2014.105
http://doi.org/10.1111/puar.12362
http://doi.org/10.1007/s10614-018-9853-2
http://doi.org/10.5692/clinicalneurol.52.962
http://doi.org/10.3390/ijerph16060917
http://doi.org/10.1093/ageing/aft044
http://www.ncbi.nlm.nih.gov/pubmed/23612864
http://doi.org/10.1111/j.1444-0594.2003.00097.x
www.cran.r-project.org/web/packages/ergm/ergm.pdf
www.cran.r-project.org/web/packages/ergm/ergm.pdf
http://doi.org/10.1097/FCH.0b013e3182666650
http://www.ncbi.nlm.nih.gov/pubmed/22929377
http://doi.org/10.1080/13825585.2012.690365
http://doi.org/10.1037/a0024144
http://doi.org/10.1017/S1041610211001165
http://doi.org/10.1056/NEJMsa066082
http://doi.org/10.1038/mp.2010.13
http://doi.org/10.1056/NEJMsa0706154
http://zenrouren.com/siryou/memberr03.html
http://zenrouren.com/siryou/memberr03.html


Int. J. Environ. Res. Public Health 2022, 19, 4574 9 of 9

36. Japanese Ministry of Health, Labor and Welfare. Overview of 2020 Survey on Long-Term Care Service Facilities and Providers; Japanese
Ministry of Health, Labor and Welfare: Tokyo, Japan, 2021. (In Japanese)

37. Heller, K.; Thompson, M.G.; Trueba, P.E.; Hogg, J.R.; Vlachos-Weber, I. Peer support telephone dyads for elderly women: Was this
the wrong intervention? Am. J. Community Psychol. 1991, 19, 53–74. [CrossRef]

http://doi.org/10.1007/BF00942253

	Introduction 
	Materials and Methods 
	Participants 
	Aging-Related Cognitive Function 
	Confidant Social Network 
	Demographics 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

