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W N e

Abstract

Understanding what aspects of daily life protect against loneliness is increasingly important
for promoting well-being among older adults. This study investigates how different types
of everyday social interactions are associated with chronic loneliness. We analyze data
that were collected via in-home surveys and an ecological momentary assessment mod-
ule from a probability-based sample of 272 adults aged 55 and older residing in Indiana.
Participants were prompted four times per day over the course of seven days to report
on their current activities and social experiences. Contrary to common assumptions, the
quantitative measures of daily social interactions, such as the proportion of moments spent
alone, the proportion of moments spent socializing, and the mean number of interaction
partners during the study period were not significantly related to loneliness. However,
the qualitative measures of social interactions—specifically, the presence of bonding social
capital (e.g., emotional closeness) and the absence of stressful interactions—were associated
with lower levels of loneliness. These findings underscore the importance of emotionally
meaningful engagement and social strain over the sheer frequency or quantity of interac-
tions, suggesting that the quality of daily social experiences is a key factor in supporting
mental well-being in later life.

Keywords: loneliness; social interactions; social isolation; ecological momentary assessment;
social strain

1. Introduction

Loneliness is a distressing emotional state that arises when individuals perceive a
discrepancy between the social relationships they desire and those they actually have [1].
While it is often associated with social isolation—the objective lack of social contact—the
two are conceptually and empirically distinct [2]. Some individuals may feel lonely even if
they are routinely surrounded by others, while others with limited contact may not feel
lonely at all. Understanding how social contact relates to loneliness has been a central
concern in public health research, particularly because loneliness in later life has been linked
to serious health risks, including cardiovascular disease, depression, cognitive decline, and
increased mortality [3-7].

Prior studies have shown that both the quantity of social interactions (e.g., frequency
of contact or social isolation) and the quality of those interactions (e.g., perceived pos-
itivity or closeness) can shape the experience of loneliness [8-12]. This association has
been documented across nations and cultures [13-15]. In the present study, we focus on
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investigating how aggregate measures of daily social contact are associated with chronic or
trait loneliness, as measured by the UCLA Loneliness Scale during an in-person survey [16],
rather than with momentary loneliness assessed through ecological momentary assessment
(EMA). We achieve this by combining data that were collected via an in-home survey and
an EMA module to examine and compare how a broad range of moment-to-moment social
experiences relate to perceptions of chronic loneliness in later life.

1.1. Dimensions of Social Interaction

Social interactions—which refer to the momentary exchanges between two or more
people—have two broad dimensions. The first dimension examined in this study is the
quantitative dimension, which includes frequency of contact and social isolation. These
objective indicators have been consistently linked to loneliness [5,17,18]. Individuals
with limited social contact or who experience social isolation often lack opportunities for
meaningful engagement, increasing the risk of emotional disconnection and loneliness.

One critique of quantitative measures is that not all social interactions are equally
effective in alleviating loneliness [8-10]. Therefore, it is essential to also consider the sec-
ond, qualitative dimension. Social interactions offer the chance for people to build social
capital—a term that refers broadly to the beneficial resources exchanged between a group of
people [19,20]. We focus on two forms of social capital—bonding and bridging. Bonding so-
cial capital refers to the emotional and relational resources—such as social support, a sense
of belonging, and mutual trust—that are typically embedded in strong ties with similar
others. These elements are widely recognized as central protective factors against loneli-
ness [12,21,22]. Bridging social capital, by contrast, refers to access to novel information,
resources, and environment that typically derive from weak ties to dissimilar others [23].
While bridging social capital is often linked to outcomes such as job opportunities [24],
cognitive health [25,26], and general health [27], it may also buffer loneliness by expanding
one’s social world and offering alternative pathways to a sense of social connection.

However, it is important to recognize that not all social interactions are supportive or
beneficial. Frequent contact can increase the risk of conflict, tension, or ambivalence—forms
of social strain that can exacerbate loneliness. Conflict and strain have been linked to greater
loneliness across various contexts [28-30]. Accordingly, this study treats social strain as a
key qualitative dimension and examines how older adults’ perceptions of negative social
interactions contribute to their overall experience of loneliness.

Thus, we hypothesize:

H1: Higher frequency of contact is associated with lower chronic loneliness.
H2: Higher levels of bonding and bridging social capital are associated with lower chronic loneliness.

H3: Higher levels of stressful interactions are associated with higher chronic loneliness.

1.2. The Current Study

Leveraging EMA data to measure different dimensions of social interaction offers
a more nuanced and ecologically valid approach to understanding chronic loneliness.
Traditional retrospective surveys often fail to capture the variability and context of daily
social experiences whereas EMA allows for real-time reporting of both the quantity and
quality of interactions as they naturally occur [31]. This method enables researchers to
distinguish between superficial contact and emotionally meaningful exchanges, account
for both supportive and strained interactions, and detect subtle patterns that may be
missed in global assessments. By capturing moment-to-moment fluctuations in social
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experiences, EMAs provide critical insight into how different types of interactions—social
isolation, bonding, bridging, and negative encounters—contribute to the variation in
chronic loneliness in later life.

2. Methods
2.1. Sample

Data are from the Social Environment and Cognitive Health in Urban and Rural Areas
(SECHURA) study, a state-representative sample of Indiana residents aged 55 or older.
During November 2023 and March 2024, the SECHURA study conducted a computer
assisted in-person interview (CAPI) survey with 509 participants (61% response rate). Each
CAPI survey was followed by one week of EMA collection via smartphones. 272 of the
509 SECHURA respondents (53.4%) participated in the EMA module. For the following
seven days, EMAs were administered four random times per day between 8:00 and 10:00
am and noon to 8:00 pm by “pinging” participants through smartphone notifications. Each
notification was spaced at least two hours apart. These four different windows aimed
to capture a representative sample of the private and public spheres where participants
spend their time. The EMA questions asked participants to provide real-time reports about
where they were (setting), what they were doing (activity), and whom they were with
(social tie) and to assess their cognitive and emotional well-being. Participants had 20 min
to respond to each notification with three additional reminder notifications being sent
in five-minute intervals. The vast majority of participants (84%) completed their EMAs
in less than two minutes with an average time of one minute and 18 s. The 272 (53.4%)
participants who participated in the EMA module produced a total of 5766 EMAs, which
yield a compliance rate of 76%. Sampling weights were provided by the SECHURA to
address sampling and response rates. Participants who did not own a smartphone (1 = 9)
were offered a loaner phone to reduce selection bias. Internet access was only required
during the installation phase of the smartphone app. Further details on the SECHURA
research design are documented elsewhere [32]. The SECHURA study is conducted in
accordance with the Declaration of Helsinki and approved by the IRB of Indiana University
(#2008142667). It is not preregistered. Further details on the SECHURA research design can
be found elsewhere [32].

2.2. Measures

Loneliness was measured using the average score of the 3-item UCLA loneliness scale
(Cronbach’s o = 0.82) [16]: “How often do you feel that you lack companionship?”, “How
often do you feel left out?”, and “How often do you feel isolated from others?” Response
options were: 1 = Hardly ever (or never), 2 = Some of the time, and 3 = Often. Higher
scores indicate greater levels of chronic loneliness.

2.3. Quantitative Measures of Social Interactions

Social isolation was assessed using the proportion of EMAs spent alone. During each
EMA, participants were asked: “When you heard the notification, who were you with?”
Responses were coded as “alone” if the participant selected “nobody.” Each participant’s
proportion of EMAs spent alone was calculated by dividing the number of EMAs where
they reported being alone by their total number of completed EMA responses.

Another quantitative indicator of social interaction was the proportion of EMAs spent so-
cializing. During each EMA prompt, participants were asked: “What were you doing when

” o

you heard the notification?” Response options included: “eating/drinking,” “socializing,”

a7 i a7 i

“relaxing,” “working,” “shopping,” “household chores,” “volunteering,” “transporting

” o

(e.g., car, bus, bike),” “medical care,” and “other.” Responses coded as “socializing” were
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used to calculate the proportion of EMAs spent socializing. This proportion was calculated
by dividing the number of EMA where participants were socializing by their total number
of completed EMA responses.

The final quantitative measure of social interaction was the average number of in-
teraction partners. In each EMA prompt, participants were asked: “Approximately how
many people were you interacting with when you heard the notification?” To reduce the
influence of outliers, responses indicating more than 10 people (1.4% of all EMA responses)
were collapsed as 10. The mean number of interaction partners was calculated for each
participant by averaging their responses across all completed EMA entries.

In addition to EMA-based measures of social interaction quantity, we included per-
sonal network size—a commonly used survey-based indicator of social interaction quan-
tity [5]. This measure serves as a sensitivity check to replicate the associations between
survey-level quantitative social interaction indicators and loneliness frequently reported in
prior research [5,17,33]. We measured personal networks by using name generators to elicit
names of individuals who were activated in the past 6 months without capping the total
number of names that could be listed. Four name generators elicited discussants about
important matters (i.e., with whom you discussed personal problems), health matters (i.e.,
with whom you discuss your health, or you can really count on for help when you have
physical or emotional problems), health regulators (i.e., who are always talking about your
mental and physical health and trying to get you to do things about them?), and regular
contacts (i.e., with whom you regularly spend your free or leisure time) based on the PhenX
Social Network Battery [34]. We calculated the network size based on total names listed in
those four name generators.

2.4. Qualitative Measures of Social Interactions

Bonding social capital was measured using two items. For every EMA during which
participants reported being with someone, they were asked to rate the following on a
1-10 scale: (1) “I felt a close, personal connection during this interaction” and (2) “My mood
was good because of this interaction”. The scale demonstrated acceptable consistency
(Cronbach’s « = 0.71), supporting its reliability as a unified measure. Bonding scores
were calculated for each participant by averaging their responses across all completed
EMA entries.

Bridging social capital was measured using three items. At each EMA prompt, partic-
ipants rated the following on a 1-10 scale: (1) “I was being exposed to new information
or recommendations,” (2) “I was being challenged to consider a new perspective,” and
(3) “I was using a lot of cognitive effort”. From a social network perspective, it is the
resources and access to novel, non-redundant information and experiences that individuals
gain through these weak ties—not the ties themselves—that constitute bridging social
capital [24,35]. Our measurement, which captures exposure to new information, reflects
this theoretical emphasis on the resources and opportunities provided by bridging con-
nections, consistent with prior conceptualizations in the literature. Because this study
focused specifically on social interactions, ratings were only included when participants
reported interacting with other people. For example, while individuals may encounter
new information while watching videos, such instances were excluded, as they do not
involve interpersonal exchange and thus do not reflect bridging social capital. The scale
demonstrated high internal consistency (Cronbach’s & = 0.88), supporting its reliability as a
unified measure. Bridging scores were calculated for each participant by averaging their
responses across all completed EMA entries.

In addition to assessing positive social interactions, stressful interactions were measured
using the item: “I felt stressed because of this interaction.” Responses were rated on a scale
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from 1 (No stress at all) to 10 (Very stressed). Stressful interactions scores were calculated
for each participant by averaging their responses across all completed EMA entries.

There were 11 participants who never reported being with someone during the ob-
servation period; therefore, they were missing on bonding social capital, bridging social
capital, and stressful interactions.

2.5. Covariates

The following covariates were included in the final models. Age was measured in
years. Gender was measured as 0 = men and 1 = women. Race was measured as 0 = Non-
White or 1 = White due to majority of participants were White in Indiana. Education was
measured as 1 = less than high school, 2 = high school or GED, 3 = some college/technical
school, and 4 = college and above. Employment status was measured as 0 = not working
and 1 = currently working. Functional activity limitation was measured using a 10-item scale
(e.g., assembling tax records, buying groceries, heating water, preparing a meal, traveling
out, etc.) [36]. The responses were recoded as 0 for no limitations across all 10 items and
1 for any limitation in any of the 10 items. To accurately assess the relationship between the
EMA measures of social interactions and loneliness, it is important to adjust for the overall
proportion of completed EMA surveys, as differences in compliance may bias estimates of
social interaction and its association with loneliness.

2.6. Analytic Strategy

Because loneliness was measured at the participant level, all EMA-based social inter-
action measures were aggregated to the participant level to align with the level of analysis.
Linear regression models were used to examine predictors of loneliness, adjusting for age,
gender, race, education, employment status, and functional activity limitations. Proportion
of completed EMA was included in all models that have EMA measures of social interac-
tions. Each social interaction measure—proportion of time spent alone, proportion of time
spent socializing, mean number of interaction partners, bridging social capital, bonding
social capital, stressful interactions, and network size—was entered into separate models
as an individual predictor of loneliness.

All social interaction measures and loneliness were z-standardized prior to inclusion in
the models to facilitate comparison of effect sizes. Survey weights were applied to account
for sampling design and differential response rates. No missing data were observed
for covariates. Statistical significance was set at p < 0.05. We examined the residuals
from survey-weighted regression models and found them to be approximately normally
distributed. Given the use of robust variance estimation, the analyses are robust. All
analyses were conducted using Stata 19. Replication code is available online at https:
//github.com/PengSiyun/EMA-and-loneliness (accessed on 1 September 2025).

3. Results

Table 1 presents descriptive statistics for our sample. The average age was 66.10 years
(SD =7.70), with participants ranging from 55 to 88 years old. Approximately half of the
sample were women (51%) and the majority identified as White (87%). Regarding educa-
tional attainment, 43% held a college degree, while smaller proportions had completed
some college (24%), a high school diploma or GED (27%), or less than high school (5%).
Forty percent of participants were employed.
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Table 1. Descriptive statistics.

Mean/Proportion SD Range n
Women 0.51 0.46 272
Age 66.10 7.70 55-88 272
White 0.87 0.28 272
Education 272
Less than HS 0.05
HS or GED 0.27
Some college 0.24
College 0.43
Employed 0.40 0.48 272
Functional activity limitation 0.48 0.50 272
Network size 5.02 2.81 1-19 272
Loneliness 1.46 0.62 1.00-3.00 272
EMA measures
Prop. alone 0.58 0.21 0-1 272
Prop. socializing 0.09 0.09 0-0.57 272
Mean # interaction partners 0.93 0.73 0-5 272
Bridging social capital 4.87 1.83 1.00-9.42 261
Bonding social capital 7.47 1.31 3.20-10.00 261
Stressful interaction 2.49 1.35 1.00-8.00 261

Note: Prop. = Proportion; HS = High school; GED = General educational development; SD = Standard deviation;
EMA = ecological momentary assessment.

3.1. Dimensions of Social Interaction Linked to Loneliness

Figure 1 shows that EMA-based quantitative aspects of social interaction—proportion
of EMAs spent alone (3 = 0.09, p > 0.05), the proportion of EMAs spent socializing (3 = 0.07,
p > 0.05), and the mean number of interaction partners across EMAs (3 = 0.02, p > 0.05)—
were not significantly associated with loneliness. However, network size, a survey-based
quantitative measure of social interaction, was related to loneliness (3 = —0.13, p < 0.05).

Loneliness

0.09

Prop. alone

Prop. socializing

ho
[y%]

Mean # interaction partners

Bridging social capital

Bonding social capital

Stressful interaction

Network size (survey measure)

0

-0.4 -0.2 0 0.2 0.4

Figure 1. The association between social interactions and loneliness. Note: 95% confidence interval.
All social interaction measures are standardized to enable comparison of effect sizes.
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In contrast, qualitative dimensions of social interaction showed significant associations.
Lower levels of bonding social capital ( = —0.24, p < 0.001) and higher levels of stressful
interactions ( = 0.26, p < 0.001) were both linked to greater loneliness. However, no
significant association was observed for bridging social capital (3 = 0.15, p > 0.05). Table S1
in the Supplemental Materials provides the full details of the models depicted in Figure 1.

3.2. Sensitivity Analysis

Eleven participants reported no social interactions during the seven days of EMA,
resulting in missing data for bridging, bonding, and stressful interaction measures. Conse-
quently, the sample size for models including these variables was smaller than for models
using other social interaction measures. This raised the possibility that differences in results
across models could be due to sample size variation. To address this, we conducted a
sensitivity analysis using a consistent sample across all models (N = 261). As shown in
Figure 2, results remained substantively unchanged, suggesting that differences in sample
size did not bias the main findings.

Loneliness (N = 261)

0.11
Prop. alone e

Prop. socializing

)

o
[}

Mean # interaction partners

0.15
Bridging social capital -

Bonding social capital

Stressful interaction

Network size (survey measure)

&

-0.4 -0.2 0 0.2 0.4

Figure 2. The association between social interactions and loneliness (the same sample size). Note:
95% confidence interval. All social interaction measures are standardized to enable comparison of
effect sizes.

We also conducted a sensitivity analysis by modeling multiple measures of social
interaction simultaneously. Because EMA-based quantitative measures—such as the pro-
portion of time spent alone, time spent socializing, and the mean number of interaction
partners—were highly correlated, we included only the proportion of time spent alone in
the model alongside network size and qualitative measures of social interaction. As shown
in Figure 3, the results were not substantially different.
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Loneliness
i 0.11
Prop. alone .
= & : : : 0.13
Bridging social capital . °
, , , -0.17
Bonding social capital ;
. : ! 0.15
Stressful interaction : >
_ -0.11
Network size (survey measure) ——————
-0.4 -0.2 0 0.2 0.4

Figure 3. The association between social interactions and loneliness (simultaneously in the same
model). Note: 95% confidence interval. All social interaction measures are standardized to enable
comparison of effect sizes.

4. Discussion

This study provides real-time, ecologically valid evidence that the quality of daily
social interactions—rather than their quantity—is significantly associated with loneliness
among older adults. Using EMA, we found that emotionally meaningful interactions
(i.e., bonding social capital) and the absence of social strain were linked to lower levels of
chronic loneliness. In contrast, quantitative indicators such as the proportion of time spent
alone or socializing and the number of interaction partners were not significantly related
to loneliness.

The null findings for the EMA-based quantitative measures in our study contrast with
prior survey-based research that has found significant associations between social isolation,
contact frequency, and loneliness [5,17,33], which is replicated in our significant association
between network size and loneliness. One potential explanation for this discrepancy lies
in how social isolation and contact frequency are typically measured in surveys. These
studies often rely on participants’ reported number of close friends or frequency of contact
with family members and other strong ties [5,17,33]. While focusing on close relationships
helps reduce participant burden and recall bias—especially when asking about interactions
over extended periods [37,38]—this approach inherently filters for relationship quality. As
a result, it becomes difficult to disentangle the effects of interaction frequency from the
emotional context of those interactions. By contrast, EMA collects real-time data on all
social interactions, capturing interactions across the full spectrum of relationship types and
contexts. This approach provides a more objective assessment of contact frequency, avoids
conflating quantity with quality, and allows for a fine-grained examination of how daily
social experiences relate to loneliness.

These findings challenge the conventional assumption that more frequent social con-
tact necessarily protects against loneliness. It underscores the limitations of using frequency
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of contact and social isolation as standalone indicators of emotional well-being. While these
metrics are often used in public health assessments and aging research, our results suggest
that they may fail to capture the affective and relational depth that truly buffers against
loneliness. Simply being around others does not necessarily reduce loneliness [39].

Among the qualitative dimensions, bonding social capital emerged as a strong pro-
tective factor. This aligns with prior research emphasizing the importance of emotionally
supportive, trusting, and close relationships in reducing loneliness [28,33]. Our study ex-
tends this literature by showing that moment-to-moment social experiences of bonding also
protect against chronic loneliness. This supports a growing body of evidence suggesting
that the quality of interactions matters more than their mere occurrence [33,39].

Conversely, frequent stressful interactions were associated with higher loneliness.
This finding highlights that not all social contact is beneficial—negative interactions can
exacerbate feelings of isolation, possibly by reinforcing social withdrawal or eroding
perceived social support [28,29]. This finding underscores the importance of assessing both
positive and negative relational experiences.

Interestingly, bridging social capital was not significantly associated with loneliness.
While bridging social capital may provide access to new perspectives or cognitive stimu-
lation [24,26], our findings suggest that such interactions may not be emotionally fulfill-
ing enough to reduce chronic loneliness. Alternatively, it may be that bridging encoun-
ters, which often occur with weak ties or in formal settings, lack the intimacy needed to
combat loneliness.

To contextualize the effect size of social interactions, the observed standardized coeffi-
cient of 0.26 indicates a modest association between stressful interactions and loneliness.
While this effect size is smaller than that observed for depressive symptoms (3 = 0.59) in
the same sample, a well-established correlate of loneliness, it nevertheless suggests that
social interactions play a meaningful role in shaping loneliness levels.

Taken together, these findings suggest that efforts to reduce loneliness in later life
should prioritize the cultivation of emotionally meaningful and low-conflict relationships
rather than simply increasing social contact. Moreover, the use of EMA in this study
demonstrates its value in capturing the nuances of daily social life that are often missed
in retrospective surveys. Our findings also have important implications for the design of
interventions, social services, and active aging policies. They suggest that efforts to reduce
loneliness among older adults should move beyond simply increasing contact frequency
and instead focus on improving the emotional quality of relationships. Interventions that
foster emotionally supportive and low-strain interactions—such as peer support groups,
intergenerational programs, or structured activities that promote trust and reciprocity—may
be especially effective. At the policy level, community initiatives that expand opportunities
for meaningful social engagement in both private and public settings can help strengthen
the quality of older adults’ social networks. By emphasizing not just the quantity but the
quality of social interactions, programs and policies can more effectively promote social
well-being and reduce loneliness in later life.

Limitations and Future Directions

Several limitations should be noted. First, the cross-sectional design of this study
precludes causal inference. Although we hypothesize that the quality of social interactions
influences chronic loneliness, it is also possible that individuals who have felt lonely for
a long time perceive their social encounters more negatively [40,41]. Future longitudinal
studies are needed to examine potential reverse causality. Second, while our sample was
probability-based and state-representative, the generalizability of findings beyond Indiana
may be limited. Third, our EMA prompts were administered only between 8:00 a.m.
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and 8:00 p.m., potentially missing meaningful social interactions occurring outside this
timeframe. Fourth, the present study assessed chronic loneliness, which may not capture
fluctuations in momentary feelings of loneliness. Future research should incorporate
EMA of loneliness to better understand how daily social interactions relate to immediate
emotional experiences in real time. Finally, future research should examine whether the
associations observed here differ across demographic subgroups. For example, gender
and racial differences in the meaning, context, and accessibility of social interactions could
shape the relationship between social experiences and loneliness [42,43]. While our current
sample (N = 272) is too small to conduct stratified or interaction analyses, investigating
such heterogeneity in larger samples would provide valuable insights and help inform
more culturally responsive interventions.

5. Conclusions

This study advances our understanding of loneliness in later life by demonstrating
that the emotional quality of social interactions—rather than their frequency—is key to
reducing chronic loneliness. EMA offers a powerful lens for capturing the social dynamics
in a daily setting. Future research could complement these insights by examining additional
factors such as social network structure, physical health, or cognitive functioning, which
may interact with social experiences to influence loneliness more broadly. Interventions
aimed at fostering emotionally supportive and low-strain relationships may be particularly
promising for promoting loneliness and mental health among older adults.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph22091411/s1, Table S1: Linear regression predicting loneliness.

Author Contributions: S.P. designed research; S.P. performed research; S.P. analyzed data; S.P. wrote
the paper; A.R.R. writing—review and editing; A.R.R. funding acquisition. All authors have read
and agreed to the published version of the manuscript.

Funding: This work was funded by the National Institute on Aging (R01AG057739; R0O1AG070931;
R0O1AG078247; R0O1IAG076032). The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.

Institutional Review Board Statement: This research is approved by the IRB of Indiana University
(#2008142667) on 19 October 2020.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: SECHURA replication data can be requested from the corresponding author.

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

References

1.

Peplau, L.A.; Goldston, S.E. Preventing the Harmful Consequences of Severe and Persistent Loneliness; U.S. Department of Health and
Human Services, Public Health Service, Alcohol, Drug Abuse, and Mental Health Administration, National Institute of Mental
Health: Rockville, MD, USA, 1984.

Donovan, N.J.; Blazer, D. Social Isolation and Loneliness in Older Adults: Review and Commentary of a National Academies
Report. Am. |. Geriatr. Psychiatry 2020, 28, 1233-1244. [CrossRef]

Abedini, N.C.; Choi, H.; Wei, M.Y,; Langa, K.M.; Chopra, V. The relationship of loneliness to end-of-life experience in older
Americans: A cohort study. J. Am. Geriatr. Soc. 2020, 68, 1064-1071. [CrossRef]

Boss, L.; Kang, D.-H.; Branson, S. Loneliness and cognitive function in the older adult: A systematic review. Int. Psychogeriatr.
2015, 27, 541-553. [CrossRef]

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

Holt-Lunstad, J.; Smith, T.B.; Baker, M.; Harris, T.; Stephenson, D. Loneliness and social isolation as risk factors for mortality: A
meta-analytic review. Perspect. Psychol. Sci. 2015, 10, 227-237. [CrossRef]


https://www.mdpi.com/article/10.3390/ijerph22091411/s1
https://www.mdpi.com/article/10.3390/ijerph22091411/s1
https://doi.org/10.1016/j.jagp.2020.08.005
https://doi.org/10.1111/jgs.16354
https://doi.org/10.1017/S1041610214002749
https://doi.org/10.1111/hsc.12311
https://doi.org/10.1177/1745691614568352

Int. J. Environ. Res. Public Health 2025, 22, 1411 11 of 12

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

36.

Wang, F.; Gao, Y.; Han, Z.; Yu, Y,; Long, Z.; Jiang, X.; Wu, Y.; Pei, B.; Cao, Y;; Ye, ].; et al. A systematic review and meta-analysis of
90 cohort studies of social isolation, loneliness and mortality. Nat. Hum. Behav. 2023, 7, 1307-1319. [CrossRef] [PubMed]
Fingerman, K.L.; Ng, Y.T.; Zhang, S.; Britt, K.; Colera, G.; Birditt, K.S.; Charles, S.T. Living Alone During COVID-19: Social
Contact and Emotional Well-being Among Older Adults. J. Gerontol. Ser. B 2021, 76, e116—e121. [CrossRef] [PubMed]
Kuczynski, A.M.; Halvorson, M.A.; Slater, L.R.; Kanter, ].W. The effect of social interaction quantity and quality on depressed
mood and loneliness: A daily diary study. J. Soc. Pers. Relatsh. 2022, 39, 734-756. [CrossRef]

Ong, A.D.; Dulmen, M.H.M.V. Oxford Handbook of Methods in Positive Psychology; Oxford University Press: Oxford, UK, 2006.
Wolf, L.D.; Davis, M.C. Loneliness, daily pain, and perceptions of interpersonal events in adults with fibromyalgia. Health Psychol.
2014, 33, 929-937. [CrossRef] [PubMed]

Zhaoyang, R.; Harrington, K.D.; Scott, S.B.; Graham-Engeland, J.E.; Sliwinski, M.J. Daily Social Interactions and Momentary
Loneliness: The Role of Trait Loneliness and Neuroticism. J. Gerontol. Ser. B 2022, 77, 1791-1802. [CrossRef]

Aartsen, M.; Jylhd, M. Onset of loneliness in older adults: Results of a 28 year prospective study. Eur. ]. Ageing 2011, 8, 31-38.
[CrossRef]

Guthmuller, S. Loneliness among older adults in Europe: The relative importance of early and later life conditions. PLoS ONE
2022, 17, €0267562. [CrossRef]

Torres, Z.; Tomaés, ].M.; Sentandreu-Mafig, T.; Ferndndez, I.; Pla-Sanz, N. Social participation, loneliness, and physical inactivity
over time: Evidence from SHARE. Int. Psychogeriatr. 2024, 36, 799-807. [CrossRef] [PubMed]

Hughes, M.E.; Waite, L.J.; Hawkley, L.C.; Cacioppo, ].T. A short scale for measuring loneliness in large surveys: Results from two
population-based studies. Res. Aging. 2004, 26, 655-672. [CrossRef]

Li, K; Tang, F. The Role of Solitary Activity in Moderating the Association between Social Isolation and Perceived Loneliness
among U.S. Older Adults. J. Gerontol. Soc. Work 2022, 65, 252-270. [CrossRef]

Zhang, S.; Zhou, Z.; Fingerman, K.L.; Birditt, K.S. Loneliness and Mode of Social Contact in Late Life. J. Gerontol. Ser. B. 2024,
79, gbaell5. [CrossRef]

Coleman, J.S. Social capital in the creation of human capital. Am. . Sociol. 1988, 94, S95-5120. [CrossRef]

Lin, N. Social Capital: A Theory of Social Structure and Action; Cambridge University Press: Cambridge, UK, 2002.

Berkman, L.F; Glass, T. Social Integration, Social Networks, Social Support, and Health; Ichiro, K., Berkman, L.F., Eds.; Oxford
University Press: New York, NY, USA, 2000.

Thoits, P.A. Mechanisms linking social ties and support to physical and mental health. J. Health Soc. Behav. 2011, 52, 145-161.
[CrossRef] [PubMed]

Burt, R.S. The network structure of social capital. Res. Organ. Behav. 2000, 22, 345-423. [CrossRef]

Granovetter, M.S. The strength of weak ties. Am. J. Sociol. 1973, 78, 1360-1380. [CrossRef]

Krueger, K.R.; Wilson, R.S.; Kamenetsky, ].M.; Barnes, L.L.; Bienias, ].L.; Bennett, D.A. Social engagement and cognitive function
in old age. Exp. Aging Res. 2009, 35, 45-60. [CrossRef]

Peng, S.; Roth, A.R.; Perry, B.L. A latent variable approach to measuring bridging social capital and examining its association to
older adults’ cognitive health. Soc. Neurosci. 2021, 16, 684—694. [CrossRef] [PubMed]

Cornwell, B. Good health and the bridging of structural holes. Soc. Netw. 2009, 31, 92-103. [CrossRef] [PubMed]

Chen, Y.; Feeley, T.H. Social support, social strain, loneliness, and well-being among older adults: An analysis of the Health and
Retirement Study. J. Soc. Pers. Relatsh. 2014, 31, 141-161. [CrossRef]

Kent, E.M.; Restrepo, A.; Faig, K.E.; Raja, S.; Dimitroff, S.J.; Smith, K.E.; Norman, G.J. Loneliness Is Associated with Decreased
Support and Increased Strain Given in Social Relationships. Psychophysiology 2025, 62, €70105. [CrossRef] [PubMed]

Weber, E.; Hiiltir, G. The Role of Relationship Conflict for Momentary Loneliness and Affect in the Daily Lives of Older Couples.
J. Soc. Pers. Relatsh. 2023, 40, 2033-2060. [CrossRef]

Roth, A.R. Ecological Momentary Assessments in Sociology. Soc. Curr. 2024, 11, 103-111. [CrossRef]

Roth, A.R,; Peng, S.; Jarin, ].N.; Qu, T.; Fekete, M.; Perry, B.L. Social Environment and Cognitive Health in Urban and Rural Areas
(SECHURA). OSF 2024. [CrossRef]

Norlin, J.; McKee, K.J.; Lennartsson, C.; Dahlberg, L. Quantity and quality of social relationships and their associations with
loneliness in older adults. Aging Ment. Health 2025, 29, 1198-1208. [CrossRef]

Hamilton, C.M.; Strader, L.C.; Pratt, ].G.; Maiese, D.; Hendershot, T.; Kwok, R K.; Hammond, J.A.; Huggins, W.; Jackman, D.; Pan,
H.; et al. The PhenX Toolkit: Get the Most from Your Measures. Am. J. Epidemiol. 2011, 174, 253-260. [CrossRef]

Perry, B.L.; Pescosolido, B.A.; Borgatti, S.P. EQocentric Network Analysis: Foundations, Methods, and Models; Cambridge University
Press: Cambridge, UK, 2018.

Pfeffer, R.I.; Kurosaki, T.T.; Harrah, C.H.; Chance, ].M.; Filos, S. Measurement of functional activities in older adults in the
community. J. Gerontol. 1982, 37, 323-329. [CrossRef] [PubMed]


https://doi.org/10.1038/s41562-023-01617-6
https://www.ncbi.nlm.nih.gov/pubmed/37337095
https://doi.org/10.1093/geronb/gbaa200
https://www.ncbi.nlm.nih.gov/pubmed/33196815
https://doi.org/10.1177/02654075211045717
https://doi.org/10.1037/hea0000059
https://www.ncbi.nlm.nih.gov/pubmed/25180546
https://doi.org/10.1093/geronb/gbac083
https://doi.org/10.1007/s10433-011-0175-7
https://doi.org/10.1371/journal.pone.0267562
https://doi.org/10.1017/S1041610224000504
https://www.ncbi.nlm.nih.gov/pubmed/38563158
https://doi.org/10.1177/0164027504268574
https://doi.org/10.1080/01634372.2021.1958115
https://doi.org/10.1093/geronb/gbae115
https://doi.org/10.1086/228943
https://doi.org/10.1177/0022146510395592
https://www.ncbi.nlm.nih.gov/pubmed/21673143
https://doi.org/10.1016/S0191-3085(00)22009-1
https://doi.org/10.1086/225469
https://doi.org/10.1080/03610730802545028
https://doi.org/10.1080/17470919.2021.2001368
https://www.ncbi.nlm.nih.gov/pubmed/34727017
https://doi.org/10.1016/j.socnet.2008.10.005
https://www.ncbi.nlm.nih.gov/pubmed/20046998
https://doi.org/10.1177/0265407513488728
https://doi.org/10.1111/psyp.70105
https://www.ncbi.nlm.nih.gov/pubmed/40635471
https://doi.org/10.1177/02654075221138022
https://doi.org/10.1177/23294965231203027
https://doi.org/10.31235/osf.io/9n5pz
https://doi.org/10.1080/13607863.2025.2460068
https://doi.org/10.1093/aje/kwr193
https://doi.org/10.1093/geronj/37.3.323
https://www.ncbi.nlm.nih.gov/pubmed/7069156

Int. J. Environ. Res. Public Health 2025, 22, 1411 12 of 12

37.

38.

39.

40.
41.

42.

43.

Degroote, L.; DeSmet, A.; De Bourdeaudhuij, I.; Van Dyck, D.; Crombez, G. Content validity and methodological considerations
in ecological momentary assessment studies on physical activity and sedentary behaviour: A systematic review. Int. ]. Behav.
Nutr. Phys. Act. 2020, 17, 35. [CrossRef] [PubMed]

te Braak, P.; van Tienoven, T.P.; Minnen, J.; Glorieux, I. Data Quality and Recall Bias in Time-Diary Research: The Effects of
Prolonged Recall Periods in Self-Administered Online Time-Use Surveys. Sociol. Methodol. 2023, 53, 115-138. [CrossRef]
Newall, N.E.G.; Menec, V.H. Loneliness and social isolation of older adults: Why it is important to examine these social aspects
together. . Soc. Pers. Relatsh. 2019, 36, 925-939. [CrossRef]

Ernst, ].M.; Cacioppo, ].T. Lonely hearts: Psychological perspectives on loneliness. Appl. Prev. Psychol. 1999, 8, 1-22. [CrossRef]
Lemay Jr, E.P; Cutri, J.; Teneva, N. How loneliness undermines close relationships and persists over time: The role of perceived
regard and care. |. Pers. Soc. Psychol. 2024, 127, 609-637. [CrossRef]

Ajrouch, K.J.; Antonucci, T.C.; Janevic, M.R. Social networks among Blacks and Whites the interaction between race and age.
J. Gerontol. B Psychol. Sci. Soc. Sci. 2001, 56, S112-S118. [CrossRef]

Fischer, C.S.; Beresford, L. Changes in support networks in late middle age: The extension of gender and educational differences.
J. Gerontol. Ser. B 2015, 70, 123-131. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12966-020-00932-9
https://www.ncbi.nlm.nih.gov/pubmed/32151251
https://doi.org/10.1177/00811750221126499
https://doi.org/10.1177/0265407517749045
https://doi.org/10.1016/S0962-1849(99)80008-0
https://doi.org/10.1037/pspi0000451
https://doi.org/10.1093/geronb/56.2.S112
https://doi.org/10.1093/geronb/gbu057

	Introduction 
	Dimensions of Social Interaction 
	The Current Study 

	Methods 
	Sample 
	Measures 
	Quantitative Measures of Social Interactions 
	Qualitative Measures of Social Interactions 
	Covariates 
	Analytic Strategy 

	Results 
	Dimensions of Social Interaction Linked to Loneliness 
	Sensitivity Analysis 

	Discussion 
	Conclusions 
	References

