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Abstract

Objective: This study examined whether social activity diversity, a novel concept indicating an
active social lifestyle, is associated with lower subsequent loneliness, and decreased loneliness is
further associated with less chronic pain over time.

Methods: 2,528 adults from the Midlife in the United States Study (Mage=54yrs) provided data at
baseline (2004-2009) and 9 years later. Social activity diversity was operationalized by Shannon’s
entropy that captures the variety and evenness of engagement across 13 social activities (0-1).
Participants reported feelings of loneliness (1-5), presence of any chronic pain (yes/no), the degree
of chronic pain-related interference (0-10), and the number of chronic pain locations. Indirect
associations of social activity diversity with chronic pain through loneliness were evaluated,
adjusting for sociodemographics, living alone, and chronic conditions.

Results: Higher social activity diversity at baseline (B=-0.21, 95%C/=[-0.41, -0.02]) and an
increase in social activity diversity over time (B=-0.24, 95%CI=[-0.42, —0.06]) were associated
with lower loneliness 9 years later. An increase in loneliness was associated with 24% higher

risk of any chronic pain (95%C/=[1.11, 1.38]), greater chronic pain-related interference (8=0.36,
95%C/I=[0.14, 0.58]), and 17% increase in the number of chronic pain locations (95%C/=[1.10,
1.25]) at the follow-up, after controlling for corresponding chronic pain at baseline and covariates.
Social activity diversity was not directly was associated with chronic pain, but there were indirect
associations through its association with loneliness.
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Conclusion: Diversity in social life may be associated with decreased loneliness, which in turn,
may be associated with less chronic pain, two of the prevalent concerns in adulthood.
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Introduction

There is under-recognized evidence that chronic pain is affected by adverse social
experiences. Social isolation—defined as being objectively detached from society [1] and
loneliness—defined as unpleasant subjective experience that occurs when a person’s social
relationships are deficient or unsatisfying [2] are two of the negative social experiences
important for health. Neuroimaging research has demonstrated that experiences of social
isolation predominantly activate the dorsal anterior cingulate cortex and anterior insula—
regions known to have a role in the distressing experience of chronic pain [3]. Experiences
of loneliness also activate these chronic pain related neural regions [4,5]. There is a

shared mechanism between loneliness and chronic pain, yet it is still unknown whether

and how to cut the vicious cycle between loneliness and chronic pain. For example, is

there an association between lifestyle and loneliness that may then impact chronic pain? To
answer this question, we determined whether a novel concept of social activity diversity is
associated with lower loneliness and thereby lower chronic pain. Social activity diversity

is defined as broad and even engagement across a range of social activities, encompassing
social meetings, volunteering at different places, and interactions and exchange of emotional
support with multiple social partners. This concept captures diversity in social events, social
places, and social partners. Previous work has shown the importance of diversity in daily
activities in mental, emotional, and cognitive functioning [6-8]. Building on this work,

the goal of this study was to examine whether social activity diversity is associated with
loneliness over time, and whether change in loneliness is associated with subsequent chronic
pain.

Social Activity Diversity as a Means to Decrease Loneliness

According to the social integration of health theory [9-12], engagement in a variety of
social roles and activities provides broader opportunities to build psychosocial resources,
which helps maintain overall health and well-being. Our concept of social activity diversity
is particularly relevant to test the possible impact of positive social life on health and
well-being, because it captures the variety and evenness of social activities, both of which
can add more nuances. The following example illustrates this concept: Person A engaged
in six different social activities out of a possible list of seven (higher variety); among

the six, three activities occurred only once, one occurred every day, and the remaining
two occurred two times a week (lower evenness). In contrast, Person B engaged in six
different social activities (higher variety) and all the activities occurred three times a
week (higher evenness). In this example, Person B has a higher social activity diversity
than Person A, because the activities are inclusive and equally distributed across days.
While previous research has focused on the importance of variety, there has been less
attention to evenness. Evenness conveys additional information that each of the engaged
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activities is not random (e.g., occurring just once) but deliberately chosen by the individual
(e.g., occurring in similar frequency with other activities). There is growing evidence that
shows the importance of diversity in daily activities in psychological well-being, cognitive
functioning, larger hippocampal volume, and rich and balanced emotional experiences [6—
8,13]. Furthermore, variety in social activities is found to be more important for cognitive
function than variety in cognitive (e.g., reading books, using a computer) or physical (e.g.,
brisk walking, exercise) activities [14]. A hypothesized mechanism whereby social activity
is more important for health than other domains of activities (e.g., cognitive or physical) is
through its buffering effect on stress and negative emotions.

While social isolation has been associated with incidence of chronic pain and chronic pain-
related interference [15,16], we know little about whether a positive aspect of social life,
social activity diversity, is associated with less chronic pain. Social activity diversity may
relate to social isolation, but it has its own unique features as well. For example, individuals
who live alone may still be able to extend their social activities with friends, neighbors,

and family members. Some people may also choose to narrow their social activities, and

for these people, limited social activities may not necessarily degrade their health, such as
increasing chronic pain. In this sense, there is a lack of rationale to expect that social activity
diversity is directly associated with chronic pain. We need additional mechanism that may
link social activity diversity to chronic pain.

Loneliness as a Mechanism Linking Social Activity Diversity and Chronic Pain

The social integration of health theory [9-12] suggests that the health benefit of social
activity diversity may be conveyed through increased psychosocial resources, such as
increased social network and getting more social support, which may buffer emotional
stress and contribute to lowering feelings of loneliness. Loneliness is closely related to
chronic pain. While most evidence is based on cross-sectional data, few existing studies
show bidirectional relationships. Specifically, more feelings of loneliness increase the odds
of subsequently reporting chronic pain [17,18] or are predicted by baseline chronic pain
[18]. We posit that the expected negative association of loneliness with chronic pain may
weaken by social activity diversity. For example, individuals who engage in social activities
with greater diversity may have opportunities to meet multiple social partners and thus may
feel less lonely. This psychosocial experience may be associated with perceiving less chronic
pain.

Considering the mechanism of loneliness is important, because objective (e.g., living alone,
small social network size, a lack of social activities) and subjective (e.g., loneliness, quality
of social network) aspects of social life often do not agree with each other and can have
differential effects on health. For example, prior research suggests that subjective loneliness
and network quality best predict mental health; contrarily, network size and living alone best
predict physical and cognitive health [19]. In a study examining chronic pain, subjective
loneliness was higher but objective social isolation (assessing marital/cohabitating status
and contacts with children and family members) was lower in those with musculoskeletal
pain [20]. When both loneliness and objective social isolation (living alone) were examined
as independent predictors of mortality, the effect size of loneliness was higher than that
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of living alone [21]. This latter study suggests that loneliness may provide additional
information on the potential impact of social life on health. Extending this idea, the

health benefit of social activity diversity may manifest only when accompanying decreased
feelings of loneliness. This motivates us to examine the indirect association of social activity
diversity with chronic pain through feelings of loneliness.

Present Study

Methods

The current study had three specific aims. First, we tested the longitudinal relationship
between social activity diversity and loneliness. Studies often use single measures of
social activity (e.g., volunteering), lacking comprehensive understanding of contribution
of other social activities. We created a novel measure of social activity diversity that
captured both the variety and evenness of engagement across multiple social activities.

We hypothesized that higher social activity diversity at baseline and an increase in social
activity diversity over time would be associated with less feelings of loneliness at a follow-
up after adjusting for baseline loneliness (H1). While those with higher social activity
diversity at baseline may not have room to further improve (i.e., ceiling effect), there may
be some individuals who change from lower diversity to higher diversity. Specifically,
persons whose social activity diversity increases over time may represent a selected group
which behaves differently than an age-related stereotype, because previous studies report
age-related decrease in activity diversity in general [6,22]. Second, we tested whether an
increase in loneliness over time would be associated with more chronic pain at a follow-up
after adjusting for baseline levels of loneliness and corresponding chronic pain outcome
(H2). Third, integrating the three variables together, we hypothesized that higher social
activity diversity at baseline and an increase in social activity diversity over time would

be indirectly associated with less chronic pain at a follow-up via a decrease in feelings of
loneliness (H3).

Participants and Procedure

Data for the current study were drawn from the Midlife in the United States Study (MIDUS).
Comprehensive details of the design and sample can be found elsewhere [23]. This study
used the MIDUS core and Milwaukee samples collected between 2004 and 2006 (M2) and
approximately 9 years later between 2013 and 2015 (M3). MIDUS |1 Milwaukee (MIL)
was conducted for the purposes of enhancing the racial diversity by enriching the sample
with African American participants. During the M2 phase, 4,963 individuals completed

the main survey. Out of 4963 individuals who participated in M2, 931 individuals did not
complete self-administered questionnaire (SAQ) that included questions on social activities
and chronic pain. In MIL, all 592 participants completed the SAQ. Combining M2 and
MIL, 4,633 people provided SAQ data. There were missing data on loneliness (n = 56), any
chronic pain (r = 89), race (n = 5), and education (n = 6). As the percentage with missing
data was small (3%), we used complete cases in our analyses. Further, 293 participants
who did not provide data on any activities were excluded; we imputed missingness in
social activities to zero if they provided valid responses to other activities. Among 4,184
participants who provided complete data at M2, 2,528 participants were reassessed at M3,
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consisting of our final analytic sample. Those who provided longitudinal data (n = 2, 528)
were younger, female, more educated, had fewer chronic conditions, and reported lower
feelings of loneliness, greater social activity diversity, lower likelihood of any chronic pain,
lower pain interference, and fewer pain locations, compared to those who dropped out

(n = 1,656). However, the two groups did not differ in race.

The MIDUS study protocol was approved by the University of Wisconsin-Madison
Institutional Review Board (IRB). Written informed consent was received for all MIDUS
participants. The current study was exempt from an IRB review due to our use of publicly
available, de-identifiable data.

Social activity diversity—Social activities were measured by 13 items across three
domains - attending meetings, volunteer work, and giving emotional support to social
partners. For attending meetings, participants were asked three questions to indicate how
many times per month they spent in meetings with three different types of groups (i.e.,
unions or other professional groups, sports groups, and any other social groups). We
considered each incident frequency as an hour-long meeting to approximate hours spent

in attending meetings. For volunteer work, four questions asked how many hours per
month they spent doing volunteer work at four different places (i.e., healthcare related,
school related, political organizations, and any other volunteer work). For giving emotional
support, six questions asked about how many hours they spent giving emotional support
such as giving advice to different groups of people (i.e., spouse or partner, parents, in-laws,
children or grandchildren, other family members or close friends, and anyone else). Hours
spent in these 13 activities were related to each other but internal consistency was not

very high (« = .61 and .48 at M2 and M3, respectively), indicating that each provided
relevant and unique information about one’s social life. We created social activity diversity
using Shannon’s (1948) entropy, which captures both the number (variety) and proportion
(evenness) of activity engagement. The frequency of each activity type was measured in
hours. The sum and proportion of each activity type was calculated for each participant. The
formula for calculating social activity diversity is expressed as:

m
Social Activity Diversity, = —(m%)) E pijinp;;
7=

where m = 13 is the number of social activities, and p,; is the proportion of individual i’s
reported frequency of each activity type to their total activity frequency, j = 1 to m. Social
activity diversity scores could range from 0 to 1 and higher scores indicated greater diversity.

Loneliness—We used one item asking, “During the past 30 days, how much of the

time did you feel lonely?” Responses were initially coded as 1 (all the time) to 5

(none of the time). We reverse coded the item such that higher scores represent more
frequency of loneliness. This loneliness measure resembles an item included in the Center
for Epidemiological Studies Depression Scale (CES-D). Similar single-item loneliness
measurements have been shown in previous studies to be sensitive [24] and to correlate
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well with UCLA Loneliness Scale [25]. This measure has been used in previous studies

and has demonstrated internal validity predicting mortality [21,26]. We treated loneliness

as continuous, following a simulation study that shows the appropriateness of Likert data
with parametric approaches especially with larger samples [27]. In our data, loneliness had a
relatively normal distribution (skewness < 2, kurtosis < 3). We also conducted supplemental
analyses with a dichotomous loneliness variable (some of the time/most of the time/all the
time vs. none of the time/a little of the time).

Chronic pain—We assessed the presence of any chronic pain, chronic pain-related
interference, and the number of chronic pain locations. First, the presence of any chronic
pain was measured by asking, “Do you have chronic pain, that is do you have pain that
persists beyond the time of normal healing and has lasted from anywhere from a few months
to many years? Responses were coded yes (= 1) or no (= 0). If participants responded yes,
then we administered a 5-item version of the Brief Pain Inventory scale [28], a reliable and
valid instrument used to assess chronic pain-related interference [29]. Participants reported
the degree to which their chronic pain interfered with (1) general activity, (2) mood, (3)
relations, (4) sleep, and (5) enjoyment. For example, the item asking chronic pain-related
pain interference with general activity read, “On a scale of 0 (did not interfere) to 10
(completely interfered), circle the number below that best describes how much, during the
past week, your chronic pain interfered with your general activity.” We used the mean of
the five items (a=.91 and .92 at M2 and M3, respectively). Chronic pain-related interference
was not measured in M2 MIL due to data collection error. Lastly, the number of chronic
pain locations was measured by nine items: (1) head, (2) neck, (3) back, (4) arms/hands, (5)
legs/feet, (6) shoulders, (7) hips, (8) knees, and (9) other (specify). Responses to each item
were coded as yes (= 1) or no (= 0). We calculated the sum of the nine items to indicate the
number of chronic pain locations.

Statistical Analysis

We used descriptive statistics to examine sample characteristics and correlations between
the variables. To test H1 (social activity diversity — loneliness) and H2 (loneliness —
chronic pain), we used multiple regression models in SAS v.9.4. In our analyses, M2

served as baseline and M3 served as follow-up assessment. Each chronic pain outcome

(i.e., any chronic pain, chronic pain-related pain interference, and the number of chronic
pain locations) was modeled separately. PROC LOGISTIC was used for the binary outcome
of any chronic pain. PROC GLM was used for the continuous variable of chronic pain-
related interference. PROC GENMOD (with Poisson distribution) was used for the count
outcome of the number of chronic pain locations. To test H3 (social activity diversity

— loneliness — chronic pain), we used SAS PROCESS macro that can test the indirect
association of social activity diversity with chronic pain through loneliness based on the
bootstrapping method [30]. In all models, we set the number of bootstrap samples to 10,000.
The bootstrapping method produces a bias-corrected confidence interval for the indirect
association. A significant indirect effect was assumed if bootstrap 95% confidence intervals
(CI) for the indirect path did not include zero. A significant indirect effect indicates a
significant mediation by loneliness.
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All models adjusted for baseline levels of corresponding chronic pain outcome and standard
sociodemographic characteristics, including age (in years), sex (0=female, 1=male), race
(0=non-White, 1=White), and education (1=no school/some grade school to 12=Ph.D. or
other professional degree). We also adjusted for living alone condition (0=having at least one
household member living with the respondent, 1=having no household member living with
the respondent). Lastly, to rule out health-related confounds, we adjusted for the number of
chronic conditions (sum of 30 conditions experienced or been treated in the past 12 months,
including depression, joint/bone diseases, and diabetes), as was done in previous studies
[22,31].

Table 1 shows sample characteristics at baseline and correlations among the variables at
baseline and at the 9-year follow-up. Appendix Table 1 shows the results of difference
tests comparing the levels of social activity diversity, loneliness, and chronic pain variables
between baseline and the follow-up.

Social Activity Diversity and Loneliness

Table 2 shows the longitudinal association of social activity diversity with loneliness.

Social activity diversity at baseline and change in social activity diversity over time were
associated with loneliness at the 9-year follow-up. That is, those who had higher social
activity diversity at baseline (B=-0.21, 95% C/=[-0.41, -0.02]; see Figure 1) and those who
increased social activity over time (B=-0.24, 95% C/=[-0.42, —0.06]) had lower feelings of
loneliness 9 years later. These associations persisted after controlling for baseline levels of
loneliness, sociodemographic characteristics including living alone, and chronic conditions.
Thus, H1 that higher social activity diversity at baseline and an increase in social activity
diversity over time would be associated with more feelings of loneliness at a follow-up was
fully supported.

Loneliness and Chronic Pain

Table 3 shows longitudinal association of loneliness with three chronic pain outcomes.
Change in loneliness was positively associated with all three chronic pain outcomes

at the follow-up, adjusting for baseline levels of loneliness and corresponding chronic

pain outcome. Beginning with any chronic pain, individuals who increased loneliness
(Exp(B)=1.24, 95% CI=[1.11, 1.38]) had a 24% higher risk of having any chronic pain

9 years later. Similarly, among those with any chronic pain, those who increased loneliness
(B=0.36, 95% C/=[0.14, 0.58]) exhibited greater chronic pain-related interference 9 years
later. Lastly, the number of chronic pain locations was also predicted by loneliness.
Specifically, one unit increase in loneliness over time (Exp(B)=1.17, 95% C/=[1.10, 1.25])
was associated with a 17% increase in the number of chronic pain locations 9 years later.
Figure 2 shows the associations between increase in loneliness and chronic pain outcomes
at the follow-up. Again, all these associations remained significant after controlling for
sociodemographic characteristics, living alone, and chronic conditions. Thus, H2 that an
increase in loneliness over time would be associated with more chronic pain at a follow-up
was also fully supported.
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Indirect Associations of Social Activity Diversity with Chronic Pain through Loneliness

In our data, social activity diversity was not directly associated with any of the chronic pain
outcomes before or after considering loneliness (Appendix Table 2). However, there was
evidence that social activity diversity was indirectly associated with chronic pain through
change in loneliness. Appendix Table 3 shows the summary of results testing these indirect
associations. When any chronic pain was the outcome, individuals who had higher social
activity diversity at baseline had decreased feelings of loneliness, and decreased loneliness
was further associated with a lower risk of having any chronic pain at the 9-year follow-up
(Indirect effect=—0.04, Boot SE=0.03, Boot 95% CI=[-0.11, —0.01]). Moreover, individuals
who increased social activity diversity over the 9 years exhibited a decrease in feelings

of loneliness, and decreased loneliness was associated with a lower risk of having any
chronic pain at the follow-up (/ndirect effect=—0.05, Boot SE=0.03, Boot 95% CI=[-0.12,
—0.01]). For chronic pain-related interference and the number of chronic pain locations, the
indirect paths were only significant for those who increased social activity diversity over
time. Specifically, individuals who increased social activity diversity had decreased feelings
of loneliness, and decreased loneliness was associated with lower chronic pain-related
interference (/ndirect effect=—0.18, Boot SE=0.12, Boot 95% C/=[-0.51, —0.01]) and fewer
chronic pain locations (/ndirect effect=—0.05, Boot SE=0.02, Boot 95% C/=[-0.11, —0.01])
9 years later. Thus, H3 that higher social activity diversity at baseline and an increase in
social activity diversity over time would be indirectly associated with less chronic pain at a
follow-up via a decrease in feelings of loneliness was partially supported.

Supplemental Analyses

Although our focus is to examine whether and how social activity diversity is related to
chronic pain, it is also possible that chronic pain may limit one’s resources and ability to
engage in diverse social activities. Thus, we also explored this reverse directionality. Neither
baseline nor change in chronic pain was associated with subsequent social activity diversity.
However, our results supported the reverse indirect pathway through increased feelings of
loneliness (Appendix Table 4). Compared to those who did not have chronic pain at both
times, those who developed new chronic pain at follow-up reported increased feelings of
loneliness over 9 years. Further, those who increased the number of chronic pain locations
reported increased feelings of loneliness. Increased loneliness was then associated with
lower social activity diversity at the follow-up.

We further conducted sensitivity analyses treating loneliness as a dichotomous variable.
Fourteen percent of the participants who responded feeling lonely “some of the time”, “most
of the time”, or “all the time” were coded as 1, and the rest who responded feeling lonely
“none of the time” or “a little of the time” were coded as 0. These results were consistent
with the main results (Appendix Tables 5 and 6). Lastly, we additionally controlled for
participant’s total annual income (including wage, pension, and social security income),
given that income may be related to social activity diversity and loneliness. Although 88
participants did not provide income data (n=2,440), results generally remained consistent
(Appendix Tables 7 and 8).
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Discussion

This study shows that “diversity” in social activities is indirectly associated with less chronic
pain through lower feelings of loneliness. While most studies have focused on negative
aspects of social life (e.g., social isolation), the current study shows how a positive aspect

of social life has potential to alleviate loneliness and chronic pain, which are two of the

most significant public health concerns [32—34]. Overall, findings from this study support
the social integration of health theory [9-12] by showing the health benefit of social activity
diversity by decreasing feelings of loneliness and indirectly decreasing chronic pain. To the
best of our knowledge, this is one of the first studies that tested longitudinal associations
between social activity diversity, loneliness, and chronic pain.

Previous studies have reported that a lack of social activities is associated with poor

health [21,26,35-40]. Another line of literature has shown that engaging in leisure or
physical activities is associated with a lower risk of chronic pain [41,42]. Linking these

two lines of literature with the social integration of health theory, the current study asked

a novel question: whether “diversity” in social activities matters for chronic pain. Our
results showed that higher social activity diversity at baseline and an increase in social
activity diversity over time were associated with lower feelings of loneliness at a follow-up.
Decreased feelings of loneliness over time, in turn, were associated with less chronic

pain outcomes at a follow-up. Social activity diversity was not significantly and directly
associated with subsequent chronic pain. However, an increase in social activity diversity
was indirectly associated with less chronic pain at a follow-up through decreased feelings
of loneliness. While our data with only two time points cannot fully determine the temporal
order between these variables, our findings suggest that loneliness is a critical mechanism
whereby social activity diversity is associated with chronic pain. In other words, if someone
engaged in social activities with greater diversity but it did not involve decreased feelings
of loneliness, then it may mean that the diverse social activities were not voluntarily sought
by the individual and thus did not link to decrease chronic pain. These findings add to the
literature considering subjective and objective aspects of social life [19-21] by showing
how feelings of loneliness provide additional information on the potential indirect benefit of
social activity diversity in decreasing chronic pain.

Note also that the indirect pathways linking social activity diversity and chronic pain were
mostly supported when examining change in social activity diversity. These results signify
a possibility of a behavioral intervention designed to increase diversity in social activities

to improve health, especially to alleviate loneliness and chronic pain. For example, an
intervention that assigns participating older adults to novel social activities (e.g., physical
activity groups, volunteer opportunities) and helps them to expand their social activity
repertoire may increase social activity diversity and bring health benefits. There are existing
programs that promote volunteering in older adults and show the efficacy of the programs
in improving health, like Experience Corps [43,44]. We need to test the impact of additional
behavioral intervention programs to promote diversity in social activities, considering
preferences of today’s older adults.
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Overall, our results indicate the utility of our new measure of social activity diversity, by
showing its direct association with loneliness and indirect associations with multiple chronic
pain outcomes. Importantly, the associations were independent of living alone, chronic
conditions, as well as sociodemographic differences. Taken together, findings suggest

that those with greater social activity diversity tend to feel less lonely, and these people
experience less chronic pain. These findings suggest that an active social life may have
indirect benefits in alleviating chronic pain [3,45], by lowering feelings of loneliness.

Limitations and Future Directions

Conclusion

There are several strengths of this study, including its focus on a positive aspect of social
life, use of multiple chronic pain outcomes, consideration of loneliness as a mechanism, and
longitudinal analyses in a large sample of US adults. However, there are also limitations

in this study that may be overcome in future studies. First, our measure of social activity
diversity was less than ideal. Although the 13 activities used in this study captured three

key domains of adult social lives - attending meetings, volunteer work, and giving emotional
support to family, friends, and others, they did not represent all possible social activities.
There may be differences in participant ability to precisely report the frequency of their
engagement in the activities (e.g., social meeting vs. providing emotional support). We

also did not take into account potential overlaps in the activities (e.g., providing emotional
support during volunteer work). Future studies may want to use a more extensive list

of social activities, minimizing potential response bias and considering overlaps in the
engaged activities. Second, we used one item measure of loneliness, thus were unable

to capture the multidimensional nature of loneliness (e.g., emotional, social). Although

this item has been widely used in previous studies [21,26], future research could use a
validated loneliness scale that includes multiple items. Third, the MIDUS sample was
relatively healthy, highly educated, and included a small percentage of racial minorities.
Future research could examine whether findings from this study are replicated in a more
diverse (and chronic pain-prone) sample of adults, considering potential differences in social
activity engagement and the meaning of loneliness across racial/ethnic groups [46,47] and
examining specific chronic pain types (e.g., back pain, knee pain, etc.). It may also be
important to examine the relationships in non-US samples, because individualism moderates
the relationship between loneliness and health outcomes, with the smallest effects being
observed in the most individualistic countries like US [48]. Fourth, we used only two time
points as our main variables were only assessed in M2 and M3. Future research may want
to use three or more time points to fully examine the mediation pathways. Lastly, this study
used observational data, thus a causal inference cannot be drawn.

This study shows the potential, indirect benefit of an active social life in alleviating chronic
pain through lowering feelings of loneliness. Social activity diversity may be associated with
less chronic pain by providing broader opportunities to build psychosocial resources and
thus by lowering loneliness. Given that social activities tend to decrease with advancing

age, future studies are warranted to test whether a community-based activity intervention
can reduce loneliness and chronic pain in late adulthood. Such interventions may need to
incorporate various and new social activities that today’s older adults may enjoy, considering
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recent lifestyle changes, technology development, and differences by sex, race/ethnicity, and
education levels.
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Appendix Table 1.: Results of difference tests comparing the levels of main

variables between baseline and the 9-year follow-up

Baseline Follow-up Difference Tests

Mor% SD Range Mor% SD Range  T-test orly2 P-value

Social activity diversity 048 0.19 0-0.98 045 0.20 0-0.88 7.13 <.001
Loneliness 150 0.81 1-5 151 0.86 1-5 -0.60 0.546
Having any chronic pain (vs. no) 34% 38% 7.93 0.005
Chronic pain-related interference? 294 237 0-10 341 271 0-10 -3.85 <.001
Number of chronic pain locations 0.86 1.55 0-9 101 1.68 0-9 -3.29 0.001

Notes. n=2,528.

1 N . . .

Those who had any chronic pain at baseline (7=776) and at the follow-up (/7=458) answered questions on pain
interference. The chronic pain-related interference scale was not measured in M2 MIL (Milwaukee African American
sample) due to data collection error.
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Appendix Table 2.: Results of the longitudinal associations of social

activity diversity with chronic pain outcomes before or after considering

loneliness

Risk of any chronic pain at Chronic pain-related interference The number of chronic
follow-up at follow-up pain locations at followup
Exp(B) P-value 95%CI B SE P- 95% ClI  Exp(B) P- 95%
value value CI

Before Controlling for Loneliness (Baseline
and Change)
Social 1.08 0.801 [0.61, -0.88 0.70  0.209 [-2.5, 1.08  0.582 [0.83,
activity 1.89] 0.49] 1.39]
diversity at
baseline
Social 0.92 0.744 [0.55, -0.58 061 0.338 [-1.78, 1.03  0.828 [0.81,
activity 1.54] 0.61] 1.29]
diversity at
baseline
After Controlling for Loneliness (Baseline
and Change)
Social 1.21 0.511 [0.68, -0.74 070  0.289 [-2.11, 1.10 0461 [0.85,
activity 2.15] 0.63] 1.43]
diversity at
baseline
Change in 0.99 0.978 [0.59, -0.34 061 0.576 [-1.53, 1.09 0.468 [0.86,
social 1.67] 0.85] 1.38]
activity
diversity

Note. r=2,528; n= 458 were used in the model for pain interference who had any chronic pain at both time points. The

chronic pain-related interference scale was not measured in M2 MIL (Milwaukee African American sample) due to data
collection error; /7=2,491 were used in the model for the number of chronic pain locations due to missing responses. The
models controlled for baseline levels of corresponding chronic pain outcome and all covariates.

Appendix Table 3.: Results of the indirect associations of social activity

diversity with chronic pain outcomes through change in loneliness

Indirect paths Indirect Boot SE  Boot 95% Cl
Effect

Social activity diversity at baseline — Any chronic pain at follow-up -0.04 0.03 [-0.11,-0.01]
Change in social activity diversity — Any chronic pain at follow-up -0.05 0.03 [-0.12, -0.01]
Social activity diversity at baseline — Chronic pain-related interference -0.03 0.11 [-0.29, 0.17]
at follow-up

Change in social activity diversity — Chronic pain-related interference -0.18 0.12 [-0.51, -0.01]
at follow-up

Social activity diversity at baseline — Number of chronic pain locations -0.04 0.02 [-0.11,-0.01]
at follow-up

Change in social activity diversity — Number of chronic pain locations -0.05 0.02 [-0.11, -0.01]

at follow-up

Note. n=2,528; n=458 were used in the model for pain interference who had any chronic pain at both time points, 7=2,491
were used in the model for the number of pain locations due to missing responses. Grey highlights indicate significant
indirect paths. All models adjusted for sociodemographic characteristics (i.e., age, sex, race, and education), living alone,
chronic conditions, and baseline levels of loneliness and corresponding chronic pain outcome.
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Appendix Table 4.: Results of the indirect associations of chronic pain with

social activity diversity through change in loneliness

Indirect paths Indirect Boot SE  Boot 95% CI
Effect

Having any chronic pain at baseline — Social activity diversity at -0.001 0.001 [-0.002, -0.0000]

follow-up

No pain to any chronic pain (vs. no pain throughout) — Social —-0.001 0.001 [-0.003, -0.0002]

activity diversity at follow-up

Chronic pain-related interference at baseline — Social activity -0.001 0.001 [-0.002, 0.0002]

diversity at follow-up

Change in chronic pain-related interference — Social activity -0.001 0.001 [-0.003, -0.0000]

diversity at follow-up

Number of chronic pain locations at baseline — Social activity 0.0003 0.0002 [-0.001, —0.0000]

diversity at follow-up

Change in the number of chronic pain locations — Social activity -0.001 0.0003 [-0.002, —0.0002]

diversity at follow-up

Note. n=2,528; =458 were used in the model for chronic pain-related interference who had any chronic pain at both
time points, 772,491 were used in the model for the number of chronic pain locations due to missing responses. Grey
highlights indicate significant indirect paths. All models adjusted for sociodemographic characteristics (i.e., age, sex, race,
and education), living alone, chronic conditions, and baseline levels of loneliness and corresponding chronic pain outcome.

Appendix Table 5.: Results of the longitudinal association of social activity

diversity with feeling lonely?

Feeling Lonely at follow-up

Exp(B) P-value 95%Cl

Intercept 10.63 <.001 [7.72, 14.63]
Social activity diversity at baseline  3.42 0.002 [1.56, 7.48]
Change in social activity diversity ~ 2.85 0.003 [1.42,5.72]

Feeling Lonely at baseline 0.17 <.001 [0.13,0.23]
Age (in years) 1.02 0.011 [1, 1.03]
Men (vs. Women) 0.94 0.655 [0.73, 1.22]
Non-Hispanic white (vs. non-whites)  0.94 0.709 [0.69, 1.29]
Education 1.03 0.343 [0.97, 1.08]
Living alone (vs. no) 0.87 0.580 [0.53, 1.44]
Number of chronic conditions 0.87 <.001 [0.84,0.92]
2LL =1790.88
Model fit statistics x?=267.77, p< .001

Note. n=2,528. The main variables of interest are bolded.

Loneliness was dichotomized, such that feeling lonely some of the time, a little of the time, and all the time were coded as

1 and feeling lonely a little of the time and none of the time were coded as 0.
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Appendix Table 6.: Results of the longitudinal associations of feeling

lonely! with chronic pain outcomes

Page 14

Risk of any chronic pain at

Chronic pain-related interference

The number of chronic

follow-up at follow-up pain locations at follow-up
Exp(B) P- 95% B SE P- 95%Cl Exp(B) P-  95%
value Cl value value Cl
Intercept 0.33 <.001 [0.26, 285 042 <001 [2.03, 0.89  0.025 [0.81,
0.41] 3.67] 0.99]
Feeling Lonely 1.16 0.313 [0.87, 018 0.29  0.540 [-0.39, 1.04 0.482 [0.93,
at baseline 1.55] 0.75] 1.16]
Feeling lonely 142  0.009 [1.09, 067 026 0.010 [0.16, 141 <001 [1.27,
at follow-up 1.85] 1.17] 1.55]
Corresponding 339 <001 [2.81, 043 005 <.001 [0.34, 126 <.001 [1.24,
chronic pain at 4.08] 0.52] 1.29]
baseline
Age (in years) 1.00 0.347 [0.99, 002 001 0.034 [-0.04, 1.00 0.529 [0.99,
1] -0.002] 1]
Men (vs. 1.06 0.547 [0.88, 0.26 021 0.222 [-0.68, 1.00 0.953 [0.92,
Women) 1.27] 0.16] 1.09]
Non-Hispanic 111  0.405 [0.87, 027 041 0511 [-0.54, 0.84  0.001 [0.76,
white (vs. 1.41] 1.07] 0.93]
nonwhites)
Education 0.99  0.433 [0.95, 0.08 0.04 0.059 [-0.16, 096 <.001 [0.95,
1.02] 0.003] 0.98]
Living alone 0.70  0.088 [0.46, 008 051 0.874 [-1.09, 097 0711 [0.8,
(vs. no) 1.06] 0.93] 1.16]
Number of 120 <.001 [1.15, 0.14 0.04 0.001 [0.06, 1.08  <.001 [1.07,
chronic 1.26] 0.22] 1.1]
conditions
Model fit 2L L =2956.45 R?=0.34 L[ =-1823.59
statistics x?=1394.48, p< .001 F=26.03, p<.001 x?=5101.26, p<.001

Note. n=2,528; n= 458 were used in the model for pain interference who had any chronic pain at both time points. The
chronic pain-related interference scale was not measured in M2 MIL (Milwaukee African American sample) due to data
collection error; 7=2,491 were used in the model for the number of chronic pain locations due to missing responses. The

main variable of interest is bolded.

Loneliness was dichotomized, such that feeling lonely some of the time, a little of the time, and all the time were coded as
1 and feeling lonely a little of the time and none of the time were coded as 0.

Appendix Table 7.: Results of the longitudinal association of social activity

diversity with loneliness, additionally controlling for income

Loneliness at follow-up

B SE  P-value 95% ClI
Intercept 1.44 0.04 <.001 [1.36, 1.52]
Social activity diversity at baseline -0.20 0.10 0.052 [-0.39, 0,002]
Change in social activity diversity -0.23 0.09 0.013 [-0.41, -0.05]
Loneliness at baseline 0.42 0.02 <.001 [0.38, 0.46]
Age (in years) 0.00 0.00 0.032 [-0.006, 0]
Men (vs. Women) 0.05 0.03 0.103 [-0.01, 0.12]
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Loneliness at follow-up

B SE P-value 95% ClI

Non-Hispanic white (vs. non-whites) 0.05 0.04 0.216 [-0.03, 0.13]

Education -0.003 0.01 0.638 [-0.02, 0.01]

Income —0.000001  0.0000004 0.006 [-0.000002, —0.0000003]

Living alone (vs. no) 0.02 0.07 0.727 [-0.11, 0.16]

Number of chronic conditions 0.04 0.01 <.001 [0.03, 0.06]
R2=0.22

Model fit statistics

F=68.16, p< .001

Page 15

Note. n=2,528; n=2,440 were used in the analysis due to missing values in income data. The main variables of interest are

bolded.

1 . - . . .

Income was measured by asking, “Please fill in the letter representing the amount of pre-tax income you earned in the last
calendar year for (1) personal earning income, (2) pension income, and (3) social security income.” Responses were coded
as original dollar values. We summed up responses to the three items to reflect the respondent’s total annual income.

Appendix Table 8.: Results of the longitudinal associations of loneliness

with chronic pain outcomes, additionally controlling for income

Risk of any chronic

Chronic pain-related interference at follow-

The number of chronic

pain at follow-up up pain locations at follow-
up
Exp(B) P-  95% B SE P- 95% CI  Exp(B) P-  95%
value Cl value value Cl
Intercept 0.35 <.001 [0.27, 2.93 041 <001 [2.11,3.74] 093 0.145 [0.84,
0.44] 1.03]
Loneliness at 1.25 0.001 [1.1, 0.36 0.14 0.013 [0.08, 0.64] 114 <001 [1.08,
baseline 1.43] 1.2]
Change in 122 0.001 [1.09, 0.33 0.12 0.004 [0.11,0.56] 116 <.001 [1.11,
loneliness 1.37] 1.22]
Corresponding 347 <001 [2.87, 0.42 0.05 <001 [0.33,0.52] 125 <001 [1.23,
chronic pain at 4.19] 1.28]
baseline
Age (in years) 1.00 0.224 [0.99, 0.02 0.01 0.031 [-0.04, 1.00 0.243 [0.99,
1] -0.002] 1]
Men (vs. 1.08 0.443 [0.89, 0.22 023 0.324 [-0.67, 1.02 0593 [0.94,
Women) 1.31] 0.22] 1.12]
Non-Hispanic 1.08 0.519 [0.85, 0.29 041 0478 [-0.52, 0.84 0.001 [0.76,
white (vs. 1.38] 1.11] 0.93]
nonwhites)
Education 099 0.688 [0.95, 0.08 0.05 0.079 [-0.17, 097 <.001 [0.95,
1.03] 0.009] 0.98]
Income 1.00 0459 [1,1] -0.000002 0.000003 0.548 [-0.000008, 1.00 0.067 [1,1]
0.000004]
Living alone 0.66 0.051 [0.43, -0.06 055 0.916 [-1.14, 093 0462 [0.77,
(vs. no) 1] 1.02] 1.13]
Number of 121 <001 [1.15, 0.13 0.04 0.002 [0.05,0.22] 1.09 0.145 [1.07,
chronic 1.27] 1.11]
conditions
Model fit 2LL =2827.84 R2=0.34 L[ =-1753.58
statistics x?=402.62, p< .001 F=22.54, p<.001 x?=4878.44, p< .001
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Note. n=2,528; n= 458 were used in the model for pain interference who had any chronic pain at both time points. The
chronic pain-related interference scale was not measured in M2 MIL (Milwaukee African American sample) due to data
collection error; 7=2,491 were used in the model for the number of chronic pain locations due to missing responses. The
main variable of interest is bolded.

1 . - . . .

Income was measured by asking, “Please fill in the letter representing the amount of pre-tax income you earned in the last
calendar year for (1) personal earning income, (2) pension income, and (3) social security income.” Responses were coded
as original dollar values. We summed up responses to the three items to reflect the respondent’s total annual income.
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Page 19

Highlights
. An active social lifestyle has potential to alleviate loneliness and chronic pain
. A new measure of social activity diversity captures an active social lifestyle
. Social activity diversity is associated with lower subsequent loneliness
. Decreased loneliness is further associated with less chronic pain over time
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Predicted loneliness at follow-up
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Figure 1.
Longitudinal association of social activity diversity with loneliness.

J Psychosom Res. Author manuscript; available in PMC 2024 September 01.

1.0



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Leeetal.

Predicted probability of any chronic pain at follow-up

Predicled number of pain locations at follow-up
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Predicted pain interference at follow-up
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Table 2.

Results of the longitudinal association of social activity diversity with loneliness

Loneliness at follow-up

B SE  P-value 95% ClI
Intercept 1.46 0.04 <.001 [1.39, 1.54]
Social activity diversity at baseline -0.21 0.10 0.034  [-0.41, -0.02]
Change in social activity diversity -0.24 0.09 0.009 [-0.42, -0.06]
Loneliness at baseline 042  0.02 <.001 [0.38, 0.46]
Age (in years) -0.002 0.001 0.106  [-0.005, 0.001]
Men (vs. Women) 0.02 0.03 0.582 [-0.04, 0.08]
Non-Hispanic white (vs. non-whites) 004 0.04 0.366 [-0.04, 0.12]
Education -0.01 0.01 0.441 [-0.02, 0.01]
Living alone (vs. no) 0.05 0.07 0.511 [-0.09, 0.18]
Number of chronic conditions 004 0.01 <.001 [0.03, 0.06]

R?=0.21

Model fit statistics F=72.40, p<.001

Note. n=2,528. The main variables of interest are bolded.
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