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Abstract: Social engagement and networking deter depression among older adults. During
the COVID-19 pandemic, older adults are especially at risk of isolation from face-to-face and
non-face-to-face interactions. We developed the National Center for Geriatrics and Gerontology Social
Network Scale (NCGG-SNS) to assess frequency of, and satisfaction with, social interactions. The
NCGG-SNS consists of four domains: face-to-face/non-face-to-face interactions with family/friends.
Each domain score is obtained by multiplying frequency ratings by satisfaction ratings for each
item; all scores were summed to obtain a total NCGG-SNS score (range: 0–64). Additionally,
face-to-face and non-face-to-face subscores were calculated. Higher scores indicated satisfactory
social networking. A cohort of 2445 older Japanese adults completed the NCGG-SNS and the Geriatrics
Depression Scale-Short form. Receiver Operating Characteristic (ROC) analysis and logistic regression
determined predictive validity for depressive symptoms. Depressive symptoms were reported by
284 participants (11.6%). The optimal NCGG-SNS cut-off value to identify depressive symptoms was
26.5 points. In logistic regression analysis adjusted for potential confounders, lower NCGG-SNS
values were significantly associated with greater prevalence of depressive symptoms. Face-to-face
and non-face-to-face subscores were associated with depressive symptoms. The NCGG-SNS is a valid
and useful indicator of multidimensional social networking enabling identification of depressive
symptoms in older adults.
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1. Introduction

Social isolation is highly prevalent among older adults, because of aging-related role transitions
due to life events, such as retirement, death of family or friends, and limitations in physical and mental
health. In addition, social networks tend to decrease in size with age. Social networks are defined as
the webs of social relationships that surround individuals and the characteristics of those ties. It is a
multidimensional concept that includes structural aspects of various social relationships characterized
by size, density, boundedness, and homogeneity, which influence individuals’ psychosocial mechanisms
such as social support, influence, engagement, or access to resources [1]. Individuals feel socially
connected by interacting with others in the context of social networks and are influenced by norms
and values of the networks [2]. Many studies have indicated that a lack of social networks related
to mortality [3,4], disability [5], low quality of life [6], and poor mental health [7,8]. Depression is a
particularly serious psychological problem among older adults [9], affecting over 322 million (4.4%) [10].
According to the fifth edition of the diagnostic and statistical manual of mental disorders (DSM-5), the
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diagnosis of clinical depression requires five or more symptoms during the same two-week period
and at least one of the symptoms should be either depressed mood or loss of interest or pleasure [11].
The geriatric depression scale (GDS) is the most widely used screening tool for elderly depression.
The cutoff score over five or six points is suggestive of depression and a score over 10 points is almost
always depression [12]. Depressive symptoms can restrict older adults’ daily functional abilities and
psychosocial factors such as social isolation, loneliness, and living alone in older adults [13–15]. A
previous study found that increased risk of depressive symptoms is associated with lack of social
contact [16] and poor social relationships [17]. Further, meta-analyses have indicated that interventions
addressing social relationships may be effective in reducing depressive symptoms [18,19]. From this
perspective, social connectivity and social relationships exhibit an inverse correlation with depression
and depressive symptoms. However, most of these studies have used a broad set of theoretically
representative social network domains. Determining the specific social network domains that are the
most strongly related to depression and depressive symptoms will advance the basis for intervention.

The Lubben Social Network Scale (LSNS) is one of the most widely used questionnaires to
quantitively assess social network size. It is used to assess social isolation in older adults by measuring
the number and frequency of contact with friends and family, as well as social support received
from those groups [20]. Lower LSNS scores are associated with increased depressive symptoms [21]
and decreased cognitive function [22]. However, the LSNS does not assess qualitative aspects of
social networks, such as satisfaction with social contacts. Teo, Choi, and Valenstein suggested that
it is important to assess both quantity and quality of social relationships with respect to risk of
depression [23]. However, to the best of our knowledge, no extant psychometric measures evaluate
both quantity and quality of social interactions.

In addition, in the new era of the COVID-19 pandemic, it is more critical than ever to blunt the
impact of social isolation and bolster social connectivity. One possible way to do so is to use information
and communication technology (ICT) to help maintain contact with social networks. ICT includes
communication devices or applications, such as mobile phones, computers, network hardware, and
software. Social media or social networking services (SNS) are a product of the evolution of ICT and
it is an online platform that people use to build social networks or social relationships with other
people [24]. In Japan, the proportion of Internet and SNS users aged over 60 years has increased
dramatically from 49.7% and 26.4%, respectively, in 2018 to 74.1% and 45.1%, respectively, in 2019 [25].
The utilization of ICT technology such as the Internet and social media could be a valuable tool to
expand social networks and promote communication with family and friends. Using ICT technology
for communication could reduce perceived social isolation and loneliness in older adults [26,27]. Thus,
it is important, especially during the COVID-19 pandemic, to promote not only face-to-face interactions
among older adults but also virtual interactions, such as via phone, email, and social network services,
to prevent social isolation, depression, and loneliness.

Therefore, we developed a new National Center for Geriatrics and Gerontology Social Network
Scale (NCGG-SNS), which assesses face-to-face and non-face-to-face interactions and considers both
quantitative and qualitative aspects of social interaction. The goal of the study was to assess the
predictive validity of the NCGG-SNS for depressive symptoms in older adults.

2. Material and Methods

2.1. Participants

This study involved community-dwelling older adults enrolled from a subcohort of the National
Center for Geriatrics and Gerontology–Study of Geriatric Syndromes, a population-based national
cohort study. This subcohort targeted community-dwelling older adults aged 60 or more, who lived in
Chita City, Aichi Prefecture, Japan. An invitation letters for the baseline survey was sent to older adults
(n = 9027) and 2728 of them participated from October 2019 to February 2020. We applied the following
exclusion criteria: (1) history of dementia (n = 2), mild cognitive impairment (n = 1), stroke (n = 130),
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Parkinson’s disease (n = 10), and/or clinical depression (n = 59); (2) certified by the national long-term
care insurance system as having a functional disability (n = 2); (3) lack of independence in basic activities
of daily living, such as eating, bathing, grooming, walking, and stair-climbing (n = 9); (4) severe
cognitive impairment based on Mini-Mental State Examination (MMSE) score ≤ 20 [28,29] (n = 31);
and (5) having missing data for these criteria or any other variables included our analysis (n = 39).
After applying exclusion criteria, data from 2445 participants were analyzed in the present study.

Participants participated in assessments at the community center. All assessments were conducted
by trained nurses and study assistants. Before the commencement of the study, all staff received
training from the authors regarding appropriate protocols for conducting assessments.

We obtained written informed consent from all participants prior to their inclusion in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the ethics committee of
the National Center for Geriatrics and Gerontology approved the study protocol (Approval number:
1249-3).

2.2. Measures

2.2.1. Depressive Symptoms

Self-report screening tools to identify depressive symptoms were deemed suitable for this
community-based study. The 15-item version of the GDS has been validated to screen for depressive
symptoms in older people [30,31]. Higher scores indicate more depressive symptoms. In the present
study, the participants who scored ≥6 on the GDS were considered to have depressive symptoms. The
cut-off score of ≥6 has sensitivity of 82% and a specificity of 75% compared with a structured clinical
interview for depression [32].

2.2.2. Social Network Scale

We developed a new self-report scale, the NCGG Social Network Scale (NCGG-SNS), for assessing
multidimensional social networks (Appendix A). The scale assesses the following domains: (1)
face-to-face interactions with family; (2) face-to-face interactions with friends; (3) non-face-to-face
interactions with family using telephone, letter, or email; and (4) non-face-to-face interactions with
friends using telephone, letter, or email. For each domain, participants assessed the frequency of
interactions (0 = none, 1 = several times a year, 2 = several times a month, 3 = several times a week, and
4 = every day) and satisfaction with the interactions (only if the interactions were reported; 1 = very
dissatisfied, 2 = somewhat dissatisfied, 3 = somewhat satisfied, and 4 = very satisfied). A value for each item
was obtained by multiplying the frequency rating by the satisfaction rating; values were summed
to obtain the total NCGG-SNS score, which ranged from 0 to 64. For secondary analysis, we also
calculated the face-to-face subscore (domain 1 plus 2) and the non-face-to-face subscore (domain 3 plus
4), each of which ranged from 0 to 32.

A panel of five experts validated the scale using the content validity index (CVI) [33,34]. Five
panel members represented geriatric and health science specialists; the educational background for all
the experts was a Ph.D. in health and sports science or rehabilitation science. The experts were asked
to answer a questionnaire developed for the assessment of the scale by rating the clarity, concreteness,
essentiality, and importance of each item using a 4-point Likert scale (e.g., 1 = not clear, 2 = not very
clear, 3 = somewhat clear 4 = very clear). The CVI of each item was calculated based on the experts’
ratings. The CVI score was computed as the number of experts giving a rating of 3 or 4, divided by the
total number of experts. Values range from 0 to 1 where CVI > 0.79, the item is relevant, between 0.70
and 0.79, the item needs revision, and if the value is below 0.70 the item is eliminated [34]. The mean
CVI scores of the five experts in clarity, concreteness, essentiality, and importance were 0.90, 0.80, 1.00,
and 0.98, respectively, indicating a high overall content validity of the scale.
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2.2.3. Other Covariates

The following covariates were assessed through face-to-face interviews: age, sex, comorbidities
(hypertension, diabetes mellitus, heart disease, hyperlipidemia, respiratory disease, and osteoarthritis),
number of medications (all drugs continuously prescribed by a doctor), educational, and living
arrangement (living alone or cohabiting). We also included covariates of body mass index, current
alcohol consumption (whether they drank alcohol regularly), smoking status (current, former, or
never), global cognitive function, slow gait speed, and physical inactivity. Global cognitive function
was measured using the MMSE. Gait speed was measured by asking participants to walk normally
along a 6.4-m walkway, with data collected from a 2.4-m section in the middle of the walkway. Gait
speed under 1.0 m/s was defined as a slow gait [22]. Physical inactivity was evaluated by asking the
following: (1) “Do you engage in more than moderate levels of physical exercise or sports aimed at
health?” and (2) “Do you engage in low levels of physical exercise aimed at health?” Participants who
responded “no” to both questions were defined as being inactive [35].

2.3. Statistical Analysis

Data were analyzed using IBM SPSS Statistics 25 (IBM Japan, Tokyo, Japan). Two-tailed probability
values of <0.05 were considered statistically significant. Independent sample t-tests were used
to determine the characteristics that differed between participants with and without depressive
symptoms. Categorical variables were compared using Pearson chi-square tests. Residuals followed
the t-distribution, such that t > 1.96 indicated p < 0.05. Internal consistency of the NCGG-SNS was
evaluated using Cronbach’s α coefficient. Internal consistency was considered adequate if Cronbach’s
α values were >0.70 [36,37]. The test–retest reliability of each component of the NCGG-SNS was
assessed by intraclass correlation coefficient (ICC) with a 95% confidence interval (CI). ICC greater
than 0.90 is indicative of excellent reliability [38]. For primary analyses, we divided the NCGG-SNS
into two categories according to the optimal cut-off points to identify the subjects with depressive
symptoms based on receiver operating characteristic (ROC) curve analyses using the closest to (0,
1) criteria. With high NCGG-SNS values in the ROC analyses set as references, primary binomial
logistic regression analysis was performed with depressive symptoms as the dependent variable and
NCGG-SNS score as the independent variable. Primary analysis included the crude model and the
model adjusted for covariates, namely age, sex, comorbidities (hypertension, diabetes mellitus, heart
disease, hyperlipidemia, respiratory disease, and osteoarthritis), number of medications, educational,
living arrangement, body mass index, current alcohol consumption, smoking status, MMSE score,
slow gait speed, and physical inactivity. These confounding factors have shown associations with
depression or depressive symptoms in previous studies [39–43]. In secondary analyses, associations
between prevalence of depressive symptoms and each of face-to-face and non-face-to-face subscores
were analyzed using adjusted binomial logistic regression including the same covariates as in the
primary analysis. Data are presented as odds ratios (ORs) with 95% CIs.

3. Results

3.1. Participants’ Characteristics

Table 1 presents the characteristics of the participants. Of the 2445 participants enrolled in the
present study, 284 (11.6%) exhibited depressive symptoms. Differences in baseline characteristics
between participants with and without depressive symptoms are shown in Table 1. There were
significant differences in age (p = 0.011), sex (p = 0.007), prevalence of hypertension (p = 0.036),
number of medications (p < 0.001), educational (p < 0.001), living arrangement (p < 0.001), alcohol
consumption (p = 0.036), smoking status (p < 0.001), MMSE score (p < 0.001), proportion with slow
gait (p < 0.001), and physical inactivity (p < 0.001). The average NCGG-SNS score was 30.9 ± 9.0
(Figure 1); participants with depressive symptoms exhibited significantly lower scores than those
without depressive symptoms (p < 0.001).
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Table 1. Characteristics of all participants with and without depressive symptoms.

Variables All Participants
(n = 2445)

Without Depressive
Symptoms (n = 2161)

With Depressive
Symptoms (n = 284) p Value

Age, years 72.5 (6.7) 72.4 (6.6) 73.5 (7.2) 0.011

Sex 0.007
Women, n (%) 1348 (55.1) 1213 (56.1) 135 (47.5)
Men, n (%) 1097 (44.9) 948 (43.9) 149 (52.5)

Hypertension, n (%) 992 (40.6) 860 (39.7) 132 (46.5) 0.036
Diabetes, n (%) 325 (13.3) 278 (12.9) 47 (16.5) 0.104
Heart disease, n (%) 371 (15.2) 323 (14.9) 48 (16.9) 0.438
Hyperlipidemia, n (%) 828 (33.9) 717 (33.2) 111 (39.1) 0.056
Respiratory disease, n (%) 339 (13.9) 301 (13.9) 38 (13.4) 0.873
Osteoarthritis, n (%) 474 (19.4) 410 (19.0) 64 (22.5) 0.178
Medications, number 2.9 (2.8) 2.3 (2.7) 3.9 (3.3) <0.001
Educational, years 12.6 (2.5) 12.6 (2.5) 12.1 (2.4) <0.001
Living alone, n (%) 320 (13.1) 249 (11.5) 71 (25.0) <0.001
BMI, kg/m2 23.3 (3.2) 23.3 (3.1) 23.5 (3.3) 0.314
Regular alcohol
consumption, n (%)

1085 (44.4) 976 (45.2) 109 (38.4) 0.036

Smoking status <0.001
Former smoker, n (%) 793 (32.4) 684 (31.7) 109 (38.4)
Current smoker, n (%) 198 (8.1) 168 (7.8) 30 (10.6)

MMSE, score 27.6 (2.3) 27.7 (2.2) 27.1 (2.5) <0.001
Slow gait speed, n (%) 405 (16.6) 318 (14.7) 87 (30.6) <0.001
Physical inactivity, n (%) 541 (22.1) 438 (20.3) 103 (36.2) <0.001
GDS, score 2.6 (2.5) 1.9 (1.5) 8.0 (1.9) <0.001
NCGG-SNS, score 30.9 (9.0) 31.8 (8.6) 24.2 (9.1) <0.001

Values are presented as mean (SD) or n (%). NCGG-SGS, National Center for Geriatrics and Gerontology-Social
Network Scale; GDS, Geriatric Depression Scale; BMI, Body Mass Index; MMSE, Mini-Mental State Examination.
Statistical significance was determined as p < 0.05.Int. J. Environ. Res. Public Health 2020, 17, x 5 of 14 
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3.2. Reliability and Validity of the NCGG-SNS

We assessed internal reliability of the NCGG-SNS using Cronbach’s α coefficient, which was 0.69
in the sample. Interitem correlations were moderate to high for the scale (item-test): the coefficients
ranged from 0.30 to 0.60 (Table 2). Regarding test–retest reliability, the ICC for the total score was
0.96 (95% CI: 0.88–0.99). Thus, the test–retest reliability of the total score of the NCGG-SNS was in an
acceptable range.
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Table 2. Pearson’s bivariate correlations (r) matrix, intertotal correlations, and Cronbach’s α coefficients
for the NCGG-SNS ratings.

NCGG-SNS Ratings 1 2 3 4 5 6 7 ITC a A b

1. Face-to-face with family, frequency 0.30 ** 0.70
2. Face-to-face with friends, frequency −0.02 0.57 ** 0.66
3. Non-face-to-face with family, frequency 0.05 0.17 0.60 ** 0.65
4. Non-face-to-face with friends, frequency 0.02 0.25 0.30 0.58 ** 0.64
5. Face-to-face with family, satisfaction 0.36 0.03 0.06 0.05 0.48 ** 0.68
6. Face-to-face with friends, rating 0.04 0.59 0.16 0.27 0.17 0.57 ** 0.62
7. Non-face-to-face with family, satisfaction 0.05 0.11 0.59 0.12 0.22 0.24 0.49 ** 0.65
8. Non-face-to-face with friends, rating 0.05 0.23 0.21 0.63 0.15 0.41 0.24 0.52 ** 0.62

** p < 0.01. a intertotal correlation, b Cronbach’s α reliability coefficient.

3.3. Cut-off Point of the NCGG-SNS

Figure 2 presents the results of ROC curve analyses of the correlation between NCGG-SNS scores
and depressive symptoms. The optimal NCGG-SNS cut-off score defined by the closest to (0, 1) criteria
for identifying participants with depressive symptoms was 26.5 points. This value had a sensitivity
and specificity of 0.606 and 0.755, respectively. The accuracy of the NCGG-SNS for discriminating
participants with depressive symptoms was 0.732, according to the area under the curve.
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Figure 2. Receiver operating characteristic for NCGG-SNS used to detect the participants with
depressive symptoms.

3.4. Binomial Logistic Regression Analysis

In the primary logistic regression analysis, participants who scored ≤27 on the NCGG-SNS
exhibited significantly greater prevalence of depressive symptoms in both the crude model (OR: 4.72,
95% CI: 3.65–6.11, p < 0.001) and adjusted model (OR: 3.79, 95% CI: 2.89–4.99, p < 0.001). In the
adjusted model, depressive symptoms were significantly associated with number of medications (OR:
1.10, 95% CI, 1.04–1.17, p < 0.001), living alone (OR: 1.81; 95% CI: 1.29–2.52, p = 0.001), regularly
drinking alcohol (OR: 0.72, 95% CI: 0.54–0.98, p = 0.033), slow gait speed (OR: 1.86, 95% CI: 1.35–2.56,
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p < 0.001), and physical inactivity (OR: 1.57, 95% CI: 1.17–2.10, p = 0.002; Table 3). In secondary
analyses, reduced depressive symptoms were associated with both higher NCGG-SNS face-to-face
subscores (OR: 0.87, 95% CI: 0.85–0.90, p < 0.001) and higher non-face-to-face subscores (OR: 0.96, 95%
CI: 0.93–0.99, p = 0.005) in a model that adjusted for the same confounders as the primary analysis.

Table 3. Crude and adjusted odds ratios and 95% confidence intervals for associations with
depressive symptoms.

Variables
Crude Model Adjusted Model

Odds Ratio 95% CI p Value Odds Ratio 95% CI p Value

NCGG-SNS
Scores ≥27 reference reference
Scores <27 4.72 3.65–6.11 < 0.001 3.79 2.89–4.99 < 0.001

Covariates
Age, years 0.99 0.97–1.01 0.330
Women, yes 0.81 0.54–1.22 0.318
Hypertension, yes 0.91 0.68–1.24 0.560
Diabetes, yes 0.83 0.56–1.23 0.341
Heart disease, yes 0.74 0.50–1.09 0.124
Hyperlipidemia, yes 1.13 0.84–1.52 0.411
Respiratory disease, yes 0.78 0.53–1.15 0.206
Osteoarthritis, yes 1.24 0.89–1.74 0.209
Medications, number 1.10 1.04–1.17 <0.001
Educational, years 0.96 0.91–1.02 0.215
Living alone, yes 1.81 1.29–2.52 0.001
BMI, kg/m2 0.99 0.95–1.04 0.769
Regular alcohol consumption, yes 0.72 0.54–0.98 0.033
Never smoker reference
Former smoker 1.30 0.88–1.94 0.190
Current smoker 1.29 0.76–2.18 0.343
MMSE, score 0.96 0.90–1.02 0.186
Slow gait speed, yes 1.86 1.35–2.56 <0.001
Physical inactivity, yes 1.57 1.17–2.10 0.002

NCGG-SGS, National Center for Geriatrics and Gerontology-Social Network Scale; BMI, Body Mass Index; CI;
Confidence Interval; MMSE, Mini-Mental State Examination. Statistical significance was determined as p < 0.05.

4. Discussion

This study aimed to determine the predictive validity of a new instrument that measures social
networking, in terms of the instrument’s ability to predict depressive symptoms. The instrument
considered face-to-face and non-face-to-face interactions and both quantitative and qualitative aspects
of social interaction. The internal consistency of the NCGG-SNS was reasonable, with a Cronbach’s
α coefficient of 0.69, and test–retest reliability as measured by ICC was 0.96, which indicates high
reliability [38]. Regarding internal consistency, a Cronbach’s α coefficient of >0.70 and an ICC greater
than 0.90 is considered sufficient [36,37]. These results are similar to studies of the LSNS in various
languages and populations, with values ranging from 0.83 to 0.86 [44,45].

The groups without and with depressive symptoms accounted for 2161 (88.4%) and 284 (11.6%)
participants of the total study population, respectively. In a study of community-dwelling Japanese
older persons, the prevalence of depressive symptoms using six as the GDS cut-off score was 10.1% [46],
and another study reported a value of 15.8% [47]. Our participants demonstrated similar prevalence of
depressive symptoms as have participants in previous studies. Significant differences were observed
among groups with and without depressive symptoms with respect to age, sex, hypertension, education,
living alone, regular alcohol consumption, smoking status, MMSE score, gait speed, physical inactivity,
and NCGG-SNS score. These results are generally consistent with the results of previous studies of
depressive symptoms in Japanese participants [42,47–49]. In addition, prior studies have shown close
social networking is preventative against depression in older persons [50]. Accordingly, we found
differences between groups in the NCGG-SNS scores that assessed social networks.

The major finding of this study is that poor social interaction was associated with higher prevalence
of depressive symptoms. This result suggests that frequent interactions and higher satisfaction
with interactions with families, neighbors, and friends, regardless of whether such interactions are
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face-to-face, could decrease depressive symptoms. Furthermore, we found the newly developed
NCGG-SNS was effective for detecting depressive symptoms. A previous systematic review found
that access to large social networks was associated with decreased depressive symptoms among
community-dwelling older adults in Asia [51]. Yang et al. examined social contact and depressive
symptoms among 62,845 individuals over 65 years of age, finding the frequency of social contact
with neighbors was the most powerful factor associated with older adults’ depressive symptoms [16].
Further, although depression is a significant risk factor for elder abuse, the increased level of social
support and social networks are expected to have a higher protective effect [52,53]. According to a study
examining relationships between social structure, social support, and depressive symptoms among
older adults in the United States, there were no clear reciprocal associations between social network
structure and depressive symptoms, although the number of close ties of contact was associated
with later depressive symptoms [54]. They measured only the number of close ties and frequency
of contact as a social network structure. However, these previous studies evaluated the frequency
of social interactions not the degree of satisfaction with such interactions. Our scale evaluates not
only the frequency of social interactions but also the degree of satisfaction with interactions with
families, neighbors, and friends. Negative social interactions are associated with depression [7]
and suicide [55]. Kabo et al. examined social networks and depressive symptoms in older African
Americans and observed that the negative social relations had larger effects on depressive symptoms
than positive relations. Thus, satisfactory social networks have an important role in improving
depressive symptoms [56]. Thus, it is important to assess satisfaction with social networks. The
mechanisms underlying the relationship between social networks and depression are not yet well
understood. One possible explanation is that psychological and social factors act as a buffer against
depression in the context of stressful events and biological risks [57]. Another possible explanation is
that reduced isolation through improved access to social networks increases sharing of health and
self-management information [50].

In addition, considering recent developments in communication methods, there is a need to
examine the relationship between mental health and communication, including both face-to-face and
non-face-to-face interactions. As a secondary analysis, we examined the associations between each of
face-to-face and non-face-to-face subscores of the NCGG-SNS and prevalence of depressive symptoms.
Both higher NCGG-SNS face-to-face and higher non-face-to-face subscores were significantly associated
with reduced depressive symptoms. Previous studies have shown that non-face-to-face interactions
may improve mental health, including depression and loneliness [26,27]. It has also been shown
that face-to-face and non-face-to-face interactions may contribute to mental health in different
ways [58]. Therefore, examining interactions with mental health may require treating face-to-face and
non-face-to-face interactions independently and simultaneously. Our study suggests both face-to-face
and non-face-to-face interactions may affect depressive symptoms independently of each other. The
ongoing COVID-19 outbreak and government-imposed containment measures, including self-isolation
and social distancing, have a significant impact on mental health worldwide. Older adults are
experiencing greater depression and loneliness than before the pandemic [59]. The findings of Di
Nicola et al. reveal that major depression and low 25- hydroxyvitamin D serum levels may predict a
higher load of psychological distress in patients with mood disorders during stressful events such as
the COVID-19 outbreak [60]. During the COVID-19 outbreak, digital spaces are switching from being
an amenity to a necessity [61]; therefore, non-face-to-face interactions using SNSs or digital devices
may be useful not only as a substitute for in-person interactions but also as a source of additional
benefit for mental health.

The major strengths of the present study are its large sample size of community-dwelling older
adults and the comprehensive set of assessments. The clinical practical implication of this study is that
health care professionals and social service agencies need to pay attention to poor social networks in
the elderly, suggesting the need to develop intervention programs to promote mental health through
increasing strong social ties and enhancing the quality of social networks. However, this study has
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some limitations. First, we used cross-sectional data. Therefore, we were unable to determine whether
there was a causal relationship between social relationships and depressive symptoms. Future studies
should use longitudinal or randomized controlled trials to examine the effects of interventions on
depressive symptoms. Second, our participants were relatively healthy community-dwelling older
adults who were able to participate voluntarily in assessments at the community center. This might
have excluded older adults with severe depressive symptoms who were likely unwilling to participate
in this study. Therefore, the results of our study cannot be generalized to all older Japanese adults.
Third, we did not measure psychiatric illnesses (other than depression), which may be important
covariates in the relationship between depressive symptoms and social networks. We plan to examine
this issue in future studies.

5. Conclusions

In conclusion, we developed the NCGG-SNS scale as a new social networking scale that considers
face-to-face and non-face-to-face interactions and assessed the relationship between scale scores
and depressive symptoms. NCGG-SNS is a valid and useful indicator of multidimensional social
networking that can identify depressive symptoms in community-dwelling older adults. Further
research is needed to identify the existence of any causal associations between NCGG-SNS scores and
depressive symptoms.
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Appendix A

National Center for Geriatrics and Gerontology-Social Network Scale (NCGG-SNS)
[Questions] Please answer the questions concerning your interactions with others in your daily

life. Here, interaction refers to verbal or written communication with others, and does not include
simple greetings.

1-a. How often do you meet and interact with your family in person?
(1) Every day; (2) Several times a week; (3) Several times a month; (4) Several times a year; (5)

No interaction.
1-b. How satisfied are you when you meet and interact with your family in person?
(1) Not satisfied at all; (2) Not very satisfied; (3) Somewhat satisfied; (4) Very satisfied
2-a. How often do you meet and interact with your friends in person?
(1) Every day; (2) Several times a week; (3) Several times a month; (4) Several times a year; (5)

No interaction
2-b. How satisfied are you when you meet and interact with your friends in person?
(1) Not satisfied at all; (2) Not very satisfied; (3) Somewhat satisfied; (4) Very satisfied
3-a. How often do you interact by phone, letter, email, etc., with family members whom you don’t

usually meet in person?
(1) Every day; (2) Several times a week; (3) Several times a month; (4) Several times a year; (5)

No interaction
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3-b. How satisfied are you when you interact by phone, letter, email, etc., with family members
whom you don’t usually meet in person?

(1) Not satisfied at all; (2) Not very satisfied; (3) Somewhat satisfied; (4) Very satisfied
4-a. How often do you interact by phone, letter, email, etc., with friends whom you don’t usually

meet in person?
(1) Every day; (2) Several times a week; (3) Several times a month; (4) Several times a year; (5)

No interaction
4-b. How satisfied are you when you interact by phone, letter, email, etc., with friends whom you

don’t usually meet in person?
(1) Not satisfied at all; (2) Not very satisfied; (3) Somewhat satisfied; (4) Very satisfied
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