
UC San Diego
UC San Diego Previously Published Works

Title
Chronic Pain Patients Low in Social Connectedness Report Higher Pain and Need Deeper 
Pressure for Pain Relief

Permalink
https://escholarship.org/uc/item/23b0q54b

Authors
Baumgartner, Jennifer N
Haupt, Michael R
Case, Laura K

Publication Date
2023-03-30

DOI
10.1037/emo0001228

Copyright Information
This work is made available under the terms of a Creative Commons Attribution-
NoDerivatives License, availalbe at https://creativecommons.org/licenses/by-nd/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/23b0q54b
https://creativecommons.org/licenses/by-nd/4.0/
https://escholarship.org
http://www.cdlib.org/


1	 

© 2023, American Psychological Association. This paper is not the copy of record and may not exactly replicate 
the final, authoritative version of the article. Please do not copy or cite without authors' permission. The final 

article will be available, upon publication, via its DOI: 10.1037/emo0001228 
 

Chronic pain patients low in social connectedness report higher pain and need deeper pressure 

for pain relief 

 
 

Jennifer N. Baumgartner1, 3, Michael R. Haupt2, and Laura K. Case3* 

 
 

1NIH Office of Disease Prevention 

Office of the Director, DPCPSI 

6705 Rockledge Drive, Room 733 

MSC 7990 
 

Bethesda, MD 20892 
 

2University of California San Diego, Department of Cognitive Science 

9500 Gilman Dr 

La Jolla, CA, 92093 
 

3UC San Diego Health, Department of Anesthesiology 

9500 Gilman Drive MC 0719 

La Jolla, CA 92093 

858-246-4968 

* corresponding author (lcase@health.ucsd.edu) 
 
 

Disclosures: This work was supported by UC San Diego Health and the National Center for 

Complementary and Integrative Health – National Institutes of Health (R00-AT009466, F32- 

AT010843). The authors have no conflicts of interest to disclose. 



2	 

Abstract 
 
The experience of rejection and disconnection reliably amplifies pain. Yet, little is known about 

the impact of enduring feelings of closeness, or social connectedness, on experiences of chronic 

pain. The current secondary analysis tested the hypothesis that greater social connectedness 

would predict lower chronic pain ratings, mediated by lower depression and anxiety. In addition, 

based on the social-affective effects of deeper pressure, and our previous finding that deeper 

pressure from a weighted blanket reduced chronic pain ratings, we examined whether deeper 

pressure from a weighted blanket would induce greater pain relief in socially disconnected 

chronic pain patients. We assessed social connectedness, anxiety, and depression at baseline and 

pain levels before and after a remote, seven-day randomized-controlled trial of a heavy or light 

(control) weighted blanket in a predominately White (86%) and female (80%) sample of 95 

chronic pain patients. Results revealed that lower social connectedness was associated with 

higher chronic pain ratings, which was mediated by anxiety, but not depression. Pressure level 

(light vs. deep) moderated associations between social connectedness and pain reductions, such 

that deeper pressure was necessary for pain relief in the most socially disconnected participants. 

Our findings suggest a close relationship between social connectedness and chronic pain 

through a mechanistic pathway of anxiety. Further, our findings demonstrate that sensory-

affective interventions such as a weighted blanket may be a beneficial tool for chronic pain 

sufferers who are prone to social disconnection, potentially by activating embodied 

representations of safety and social support. 

 
 
Keywords: chronic pain, social connectedness, deep pressure, affective touch, anxiety 



3	 

Introduction 
 
Humans exhibit a profound need to belong, relying on others for survival and well-being 

throughout the lifespan (Baumeister & Leary, 1995; Taylor, 2007). Multiple sources of evidence 

suggest that basic homeostatic mechanisms may have evolved to monitor and maintain social 

relationships. For example, threats to social inclusion are often described as “painful” 

(Eisenberger, 2012a; 2012b; MacDonald & Leary, 2005) and recruit hunger-like craving 

mechanisms in the midbrain (Tomova et al., 2020). In fact, there is significant overlap in the 

neural circuitry subserving the affective components of physical pain and the pain of disrupted 

social connections (Eisenberger, 2012a; Eisenberger et al., 2003; Inagaki et al., 2016; Inagaki et 

al., 2020), revealing close linkages between experiences of pain and human 

(dis)connectionIndeed, a growing body of evidence shows that negative social factors, including 

social isolation (Karayannis et al., 2019; Oliveira et al., 2015), social exclusion (Bungert et al., 

2015; Eisenberger et al., 2003), and loneliness (Jaremka et al., 2014; Wolf & Davis, 2014; Wolf 

et al., 2015) co-vary with and amplify both acute and chronic pain  (Karayannis et al., 2019; 

Oliveira et al., 2015). Similarly, adults who were abused or neglected in childhood are at 

increased risk of chronic pain (Davis et al., 2005; Lampe et al., 2003).  

Much less is known about the impact of positive social factors on pain. A fundamental 

benefit of connecting with others is the opportunity to receive tangible, emotional, and appraisal 

support in the face of threatening situations, like pain. For example, pain has motivational 

aspects that signal the need for help from others to remove the self from threat (Wiech & Tracey 

2013; Krahe et al., 2013). In turn, receiving social support during potentially threatening 

exposures reduces subjective pain ratings (Brown et al., 2003; Reddan et al., 2020; Lopez-Sola 

et al., 2019). Evidence also suggests that chronic pain patients that engage in meaningful social 

connections (Koebner et al., 2019) and have a close, expansive social network (Mitchinson et 
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al., 2008; Hughto et al., 2021) report lower pain and are less likely to abuse opiate mediations.   

Social connectedness is defined as an attribute of the self that reflects cognitions 

of enduring interpersonal closeness with others (Lee et al., 2001; Lee & Robbins, 1995). 

In contrast to negative social constructs, social connectedness focuses on the 

independent self in relation to others, providing a stable phenomenological sense of 

connectedness or social closeness that is not susceptible to vacillations in relationships, 

social network size, or exclusions from others. People with high social connectedness 

tend to feel close with other people, identify with them, and readily engage in social 

activities and groups. In contrast, socially disconnected persons tend to view themselves 

as outsiders, feel misunderstood by others, and have difficulty engaging in social 

interactions, characteristic of people with insecure or anxious attachment styles (Lee et 

al., 2001; Lee & Robbins, 1995). A greater appreciation of the psychosocial style by 

which one navigates their environment should provide a more comprehensive 

understanding of the differential trajectories of a person living with chronic pain. 

There is widespread agreement that a lack of social connectedness is a leading 

determinant of anxiety and depression (Lee et al.,, 2001; Santini et al., 2020; 

Wickramaratne et al., 2022; Schmidt et al., 2022; Karayannis et al., 2019; Jaremka et al., 

2014). The elevated negativity inherent in self-other evaluations by those prone to social 

disconnection may reflect pervasive differences in negative appraisals and emotionality 

(Cacioppo & Hawkley, 2009; Watson & Clark, 1984) that heighten this risk. Of note, 

anxiety and depression also reliably exacerbate acute and chronic pain perceptions 

(Adler-Neal et al., 2019; Leino & Magni, 1993; Ploghaus et al., 2001; Rhudy & 

Meagher, 2000; van den Hout et al., 2001) and pain-related ruminations (Kucyi et al., 

2014), suggesting potential mechanistic pathways whereby social connectedness might 
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influence pain. In support of this idea, heightened periods of social disconnection in 

fibromyalgia patients are associated with increases in ruminative, negative cognitions 

related to pain, which in turn intensifies pain perceptions over time (Wolf et al., 2015; 

Jaremka et al., 2014). A generalized proclivity toward feelings of disconnection should 

increase the tendency toward anxiety and depression, amplifying the appraisal and 

rumination of chronic pain sensations. 

Touch is integral to human relationships and social connection (Cascio et al., 2018; 

Dunbar, 2010; 2012; Suvilehto, 2015). Just as C-fiber nociceptive input is a peripheral trigger of 

the central experience of pain, the Social Affective Touch Hypothesis (Morrison et al., 2010; 

Olausson et al., 2008) posits that the C-tactile (CT) afferent pathway is a specialized sensory 

pathway underlying positively valanced social and affective components of touch. CT sensory 

afferents respond optimally to slow, gentle stroking of hairy skin (Morrison et al 2010; Vallbo et 

al., 1999; Watkins et al., 2021), which induces positive affect, reduces anxiety (Case et al 2020; 

Loken et al., 2011; Loken et al., 2009; Pawling, Cannon et al., 2017; Pawling, Trotter et al., 

2017; Vallbo et al., 1999), and activates neural regions involved in the descending modulation of 

pain (Schweinhardt & Bushnell, 2010). Our recent research calls for an expansion of this 

hypothesis to consider the sensory pathways initiating the experience of pleasant deep pressure, 

as found in hugging, cuddling, hand holding, and massage (Case et al., 2020). Like CT touch, 

oscillating deep pressure – even when delivered by a mechanical compression sleeve – is 

perceived as pleasant and calming (Case et al., 2021; Diego et al., 2004; Field et al., 2010; 

Grandin, 1992), and activates neural substrates involved in interception and nociceptive 

processing (secondary somatosensory cortex; insula) (Case et al., 2021). Both deep pressure and 

CT optimal touch have been shown to reduce acute and chronic pain (Di Lernia et al., 2020; 

Fidanza et al., 2021; Field et al., 2002; Honigman et al., 2016; Law et al., 2008; Liljencrantz et 
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al., 2017; von Mohr et al., 2018), beyond distraction and expectancy-related effects 

(Baumgartner et al., 2021; Liljencratz et al., 2017). We recently demonstrated that deeper 

pressure delivered by 15-pound weighted blanket reduced ratings of chronic pain more than a 5-

pound weighted blanket, particularly for individuals high in trait anxiety (Baumgartner et al., 

2021), suggesting a pain modulatory mechanism for deep pressure that involves both sensory 

and psychosocial factors. The fact that touch therapies can be effective even when delivered in a 

non-social, mechanical format is of particular relevance to socially disconnected individuals 

who, by their disposition, are less likely to respond positively to therapies that include social 

interactions (Lee et al., 2001). Indeed, attachment styles have been shown to moderate 

associations between pleasant touch on pain, such that early pain-related neural processing is 

attenuated by pleasant touch in those who desire closeness from others (Krahé et al., 2016). 

It is possible that C-tactile and deep pressure inputs could activate social-affective touch 

pathways capable of reducing pain in individuals low in social connectedness by implicitly 

activating embodied representations of social closeness, support, and safety (Baumgartner et al., 

2021; Hertenstein et al., 2006; Krahe et al., 2013; Morrison et al., 2010). During a social 

exclusion manipulation, C-tactile optimal touch buffers against reduction in feelings of 

belongingness and other aspects of social closeness (von Mohr et al., 2017), possibly suggesting 

that disconnection motivates a need for touch (Tai et al., 2011). Across three studies (Master et 

al., 2009; Eisenberger et al., 2011; Younger et al., 2010), viewing pictures of a romantic partner 

reduced pain ratings, relative to a stranger or acquaintance and was positively associated with 

activation in areas associated with safety-signaling in response to threat (ventromedial prefrontal 

cortex) and reward processing (caudate; nucleus accumbens), not due to mere distraction effects 

(Eisenberger et al., 2011). Interestingly, the augmentation of safety-related neural mechanisms 

was stronger in those with more long-standing social connections (i.e., those in longer-term 
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relationships) (Eisenberger et al., 2011). Taken together, these findings suggest that the 

conditioned social schemas or expectancies that touch may communicate (e.g., safety; closeness; 

social support) may alter the value, salience, and subjective experience of nociceptive signals in 

those who are prone to negatively appraise the status of their social relationships.
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In the current study, we inquire about the relationship between social connectedness 

and chronic pain, and about the impact of social connectedness on the effects of deep 

pressure. The current study is a secondary analysis of our previously conducted remote, 

double- blind, between-subjects randomized controlled trial of weighted blankets for chronic 

pain (Baumgartner et al., 2021). A heterogeneous sample of adult chronic pain patients across 

the 

U.S. were randomly assigned to use a deeper or lighter pressure (placebo control) weighted 

blanket overnight for seven nights, with validated assessments collected remotely at baseline and 

post-intervention. Previously, we analyzed data from pain and selected psychological measures; 

additional measures of social connectedness and loneliness were collected, which are analyzed 

and reported in the present study. We hypothesized that social connectedness would exhibit a 

negative association with chronic pain at baseline, mediated by anxiety and depression. Given 

research on the social-affective effects of touch (Case et al., 2021; Goldstein et al., 2018; López-

Solà et al., 2019; Reddan et al., 2020; von Mohr et al., 2017), we also tested whether individual 

differences in social connectedness would alter the modulation of pain by pressure; we 

hypothesized that socially disconnected individuals would experience greater pain relief from 

the deeper pressure weighted blanket. 

 

Method 
 

The study was conducted during the COVID-19 pandemic (June-November 2020). 
 
 
Participants 

 
Participants who self-reported having chronic pain before the study were recruited using 

ResearchMatch, a secure national registry that connects research volunteers with studies. 
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Individuals were eligible if they were at least 18 years of age, fluent in English, diagnosed with 

chronic pain prior to study recruitment, willing to sleep with a weighted blanket for one week, 

able to safely lift at least 15 pounds, and willing to use their personal smartphone to complete 
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study assessments. Individuals were excluded if they were pregnant, had a major medical 

condition, were current or previous users of a weighted blanket, or were claustrophobic. The UC 

San Diego Institutional Review Board approved all study procedures. All participants provided 

informed consent digitally via Research Electronic Data Capture (REDCap) software. In 

compensation for their time and effort, participants were offered to keep the weighted blanket 

and fitness tracker (used for exploratory sleep analyses) and received a $20.00 gift card for study 

completion. 

         Sample size determination was based on the primary outcomes of our original study. Based on the 

effect size of Cohen's d = 0.75 estimated a published study demonstrating improvements in sleep quality 

(Ackerley et al., 2015), two independent groups, α = 0.05, and power = 0.80, we determined the study 

would require 48 participants in each blanket group for a total of N = 96. However, the IRB approved N = 

135 to account for study dropout; the trial was stopped once we reached a planned sample size of 100 

completed participants. 

 
Sample characteristics 
 

After exclusions and drop-outs, 95 adults with chronic pain constituted the final sample, 

with 47 in the light pressure blanket group and 48 in the heavy/deep pressure blanket group. 

Participants were 43.8 years of age on average (SD = 12.8; range = 19-69), and were 

predominantly female (n = 75, 80%) and White (White n = 81, 86%; Black n = 8, 9%; Hispanic 

and/or Latino n = 4, 4%; other n = 1, 1%). Most participants self-reported a diagnosis consistent 

with chronic primary pain (n = 57, 61%) and/or secondary musculoskeletal pain (n = 57, 61%), 

followed by neuropathic pain (n = 18, 19%). A smaller proportion of participants reported 

secondary visceral pain (n = 7, 7%), cancer-related pain (n = 2, 2%), posttraumatic / post-

surgical pain (n = 1, 1%), and/or secondary headache / orofacial pain (n = 1, 1%). Forty-two 
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percent of participants were taking opioid medications. Additional details including CONSORT 

diagram, subject BMI, baseline pain levels, and ratings of blanket pleasantness are reported in 

Baumgartner et al., 2021. 

 
Randomization and Blinding 

 
Randomization with allocation concealment was performed to assign participants to two 

weighted blanket groups of equal size. Males and females were randomized with replacement 

across a list of 200 codes using an Excel-based random number generator. Both investigators and 

participants were blinded, except for the research coordinator who performed random 

assignment. Investigators were unblinded before data analysis. While it was impossible to 

conceal the heaviness of either blanket from participants, all participants were told they would be 

receiving a “weighted blanket” and that various weights would be used in the study. 

 
Weighted Blankets 

 
Participants were randomly assigned to receive a 15-pound [lb; 6.8 kilograms (kg)], 

“deep pressure” weighted blanket or a 5-lb (2.3 kg) “light pressure” weighted blanket to use at 

home overnight for 7 nights. The light pressure weighted blanket served as an active control for 

widespread body sensation and blanket-related positive outcome expectancies. All blankets 

were twin-size, grey, cotton-polyester-blend, and weighted with hypoallergenic glass beads that 

distributed pressure across the body (SensaCalm, Chattanooga, TN). 

 
Ecological Momentary Assessment (EMA) 

 
A smartphone-based EMA application remotely guided participants through the study 

and captured self-report ratings (see EMA items) (Depp et al., 2016; Kaufmann et al., 2016; 
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Moore et al., 2017). EMA assessments were conducted in the LifeData® System 

(www.lifedatacorp.com), a HIPAA compliant web-based system designed for human subjects 

research. 
 

Self-Report Measurements 
 

Sociodemographic and Health Variables 
 

Age, sex, race, height, weight, chronic pain diagnosis, and medication use were assessed 

in REDCap. Three physicians at UC San Diego categorized diagnoses of chronic pain and 

medications based on published standards (Di Lernia et al., 2020; Treede et al., 2015; Treede et 

al., 2019). 

 
Social Connectedness 

 
Social connectedness – a measure of how individuals tend to cognitively appraise 

interpersonal closeness and belongingness with others in their social world – was measured 

using the Social Connectedness Scale – Revised (SCS-R) (Lee et al., 2001). The SCS-R consists 

of 20 items, including “I am able to connect with other people,” and “I feel comfortable in the 

presence of strangers,” (positively worded items), as well as “I don’t feel related to most 

people,” and “I feel disconnected from the world around me” (negatively worded items). 

Responses were made on a 6-point Likert scale ranging from 1 (strongly disagree) to 6 (strongly 

agree). A composite sum was calculated with higher values indicating greater social 

connectedness (Baseline α = .96, Post-intervention α = .97). A SCS-R sum of 70 or lower is 

considered “low” in social connectedness, or more socially disconnected (Lee et al., 2001). 

 
Chronic Pain Intensity and Interference 
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The Pain, Enjoyment of Life, and General Activity Scale (PEG) (Krebs et al., 2009) is a 

three-item questionnaire derived from the Brief Pain Inventory (Cleeland & Ryan, 1994) that 

measures global chronic pain intensity (“What number best describes your pain on average in the 

past week”), as well as pain interference with enjoyment of life (“What number best describes 

how, during the past week, pain has interfered with your enjoyment of life”) and general 

activities (“What number best describes how, during the past week, pain has interfered with your 

general activity”). Participants made responses based on the last week using an 11-point scale 

ranging from 0 = no pain / does not interfere to 10 = pain as bad as you can imagine / 

completely interferes, respectively. Items were averaged into a total score with higher values 

indicating chronic greater pain intensity and interference (Baseline α = .89, Post-intervention α = 

.90). 

 
Anxiety and Depression 

 
The Patient-Reported Outcomes Measurement Information System (PROMIS) (Gershon 

et al., 2010) developed by the National Institutes of Health provides a brief (29-items) and 

comprehensive assessment of general physical and mental health and functioning across 7 

domains. Participants rated items on a 5-point scale based on their experience during the past 7 

days. The domains included in the present study were anxiety (“I felt fearful”; Baseline α = 

.90, Post-intervention α = .89) and depression (“I felt worthless”; Baseline α = .91, Post- Intervention α = 

.93). Items are summed into a composite score with higher values indicating worse anxiety or depressive 

symptoms. 

 
Loneliness 

 
The UCLA Loneliness Scale (Russell, 1996; Russell et al., 1978) is a 20-item scale that 

measures subjective feelings of loneliness and social isolation. Participants rated items such as “I 
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have nobody to talk to” and “I feel completely alone” on a 4-point scale ranging from 0 = I never 

feel this way to 3 = I often feel this way. The total score is the sum of all items with higher scores 

indicating greater loneliness (Baseline α = .96, Post-intervention α = .96). Loneliness was used 

as a covariate in analyses due to its common association with the social connectedness construct, 

in that both measure a subjective experience of social relationships. Both constructs have been 

found to be highly correlated in past research (r = -.80) (Lee et al., 2001), as well as in the 

current sample (r = -.71, p < .01 at baseline; r = -.52, p < .01 over time). Thus, we attempted to 

isolate the unique features of social connectedness on outcomes above and beyond the effects of 

loneliness. 

 
EMA item 

 
EMA item measuring blanket-related expectations for pain relief (“Please rate how you 

expect the weighted blanket will affect your pain, if at all”) was sent to participants’ personal 

smartphones using the LifeData® System. The item was displayed on a 100-point visual analog 

scale (VAS) ranging from 1 = “increase pain a lot / not at all” to 100 = “decrease pain a lot / all 

of the night,” respectively. Visual analog scales appeared on participants’ smartphone devices 

and moved horizontally via tapping from left to right. Numerical values were not visible to 

participants. Additional ratings were collected that were not included in the present analyses. 

 
Procedure 

 
The present study reports measures from the Baseline session (originally “session 1”) 

and 7-day Post-intervention session (originally “session 3”) of the original study. 

 
Baseline 

 
During the Baseline session, participants self-reported sociodemographic information, 

and completed social connectedness, chronic pain, anxiety, depression, and loneliness measures. 
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Upon completion, the research coordinator randomized participants to receive a deeper or a 

lighter pressure weighted blanket by mail. Participants were instructed to sleep normally for 

three nights of baseline data collection (ratings and fitness tracker sleep measure; data reported in 

Baumgartner et al., 2021) while awaiting their blanket. After receiving their blanket, they were 

instructed to provide an EMA rating of their expectation of pain relief from its use. They then 

rated pain intensity, anxiety and blanket pleasantness while lying down for 15min with and 

without the weighted blanket, wearing the fitness tracker (data elsewhere in Baumgartner et al., 

2021). 

 
Post-intervention 

 
Immediately after completing the seventh day of overnight blanket use, participants were 

asked to complete Post-intervention assessments, which included the same measures of social 

connectedness, chronic pain, anxiety, depression, and loneliness as in the Baseline session, as 

well as pain medication use. Debriefing was conducted one week after study completion and 

included study purpose, blanket weights, and summary of study findings. 

 
Statistical Analyses 

 
Normality assumptions were affirmed using the skewness and kurtosis indices for 

continuous variables of interest. All variables were within normal ranges, justifying the use of 

parametric tests. Assumptions for ordinary least squares regression (OLS; i.e., normality; 

linearity; absence of multicollinearity; homoscedasticity) were met. A significance criterion of p 

< .05 was employed for all analyses. 
 

Bivariate correlation analyses examined basic relationships of social connectedness with 

chronic pain, anxiety, and depression at baseline and at 1-week (“Post-intervention”). OLS 

regression further examined the contribution of baseline social connectedness to baseline pain, 
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as well as to two potential mediators (anxiety and depression, in separate models). Regression 

models were run both with and without important sociodemographic and health variables 

including age, gender, race, opioid medication use, and loneliness. To assess the relative 

importance of social connectedness compared to the other tested covariates, we also 

implemented a Shapley value regression. A Shapley value regression computes all possible 

combinations of the independent variables within a model, and then measures the extent of 

contribution of each variable to the total R2 by observing changes associated with the addition 

or subtraction of each variable (Budescu, 1993). An advantage of this technique is that it 

determines the percentage of variance attributed to each independent variable after accounting 

for multicollinearity. See the following papers for further description and applications (Covert 

& Lee, 2021; Israeli, 2007; Lipovetsky & Conklin, 2001; Okhrati & Lipani, 2021; Smith & 

Alvarez, 2021). 

Mediation models tested for an indirect effect of social connectedness on pain via anxiety 

and depression, tested in separate models. Models were estimated with an OLS regression path 

analytic framework implemented in the SPSS PROCESS Macro Version 3.4 (Model 4) (Hayes & 

Rockwood, 2017; Preacher & Hayes, 2004). Significance of indirect effects was predicated on 

bias-corrected bootstrapped approximations with 5,000 iterations and 95% bias-corrected 

confidence intervals. We controlled for anxiety or depression when considering either mediator, 

to determine the unique contribution of each mediator in supporting social connectedness and 

pain linkages. Additionally, the model was run both with and without controlling for relevant 

sociodemographic, health, loneliness, and baseline variables. 

Finally, we tested the moderation of the effect of blanket on pain reductions by baseline 

social connectedness. Moderation analysis was implemented in SPSS in the PROCESS extension 

(Model 1) to explore the boundary conditions by which blanket pressure influenced PEG pain 
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reductions (i.e., Δ = Baseline - Post-intervention) as a function of baseline social connectedness, 

adjusting for baseline pain (PEG) scores. The model was tested both with and without the 

inclusion of covariates for blanket-related pain expectations (i.e., placebo effects), 

sociodemographic and health variables, and loneliness. The Johnson-Neyman technique (Hayes 

& Rockwood, 2017) identified the cutoff value below which social connectedness played a 

significant conditional role in the effect of blanket pressure on pain reductions. We report the 

results of analyses with the inclusion of all covariates described above; all results were 

maintained when covariates were excluded. 

 

Transparency and Openness 
 

All analyses were conducted in SPSS Version 26 (IBM SPSS Statistics for Windows, Version 
 
26.0. Armonk, NY: IBM Corp). The original study purpose, targeted condition, study design, and 

primary and secondary outcomes were pre-registered in ClinicalTrials.gov (NCT04447885: 

“Weighted Blankets and Chronic Pain”). The present study is a secondary analysis of this 
 

previously published work (Baumgartner et al., 2021), and thus was not pre-registered. Sample 

size determination was based on previous studies of weighted blankets for anxiety (Chen et al., 

2013) and sleep (Ackerley et al., 2015) and was calculated using G*power version 3.1.9.7 as 

further described in the original study (Baumgartner et al., 2021). A version of the dataset and 

syntax used to produce the results in the current study can be found on the following link from 

Open Science Framework (OSF): tinyurl.com/SCSBlanket. 

 
 

Results 
 

Higher social connectedness is associated with lower chronic pain, anxiety, and depression 

At baseline, higher social connectedness ratings were significantly correlated with lower 



18	 

chronic pain scores (PEG) (r = -.26, p < .05; see Figure 1), anxiety (r = -.61, p < .01), and 

depression (r = -.63, p< .01) (moderate to large effect sizes; Table 1). The predictive utility of 

baseline social connectedness on pain (see appendix Table A2), anxiety (appendix Table A4), 

and depression (appendix Table A6) remained significant after controlling for age, gender, race, 

opioid use, and baseline loneliness, with social connectedness accounting for 42.9% of the 

variance in PEG scores, 55% in anxiety scores, and 51% in depression scores relative to the 

other independent variables in each respective model. This same pattern of results was 

maintained at Post-intervention (moderate to large effect sizes; see appendix tables A1, A3, A5 

and A7).  

 
 
 
 
Figure 1. 
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Table 1. Descriptive statistics and bivariate correlations among Baseline variables. 

Variable M SD 1 2 3 4 

1. SCS 71.08 21.57 _   

2. PEG 6.73 1.33 -.26* _ 

3. Anxiety 6.92 3.45 -.61** -.56** _  

4. Depression 6.46 4.21 -.63** .45** .74** _ 
 

 
 

Note. *p < .05, **p < .01. 
SCS = Social Connectedness Scale, PEG = Pain, Enjoyment of Life and General Activity Scale.
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Anxiety, but not depression, mediates the association between baseline social connectedness 

and chronic pain 

Mediation analyses tested for an indirect effect of social connectedness on chronic pain 

(PEG scores) via anxiety and depression, separately. As can be seen in Figure 2A, at Baseline, 

the hypothesized indirect effect of social connectedness on pain via anxiety was significant, such 

that greater social connectedness was associated with lower anxiety, which in turn predicted 

lower PEG pain scores. In contrast, depression did not emerge as a significant mediator in our 

models (indirect effects, p > .05; Figures 2B). The same pattern of results was obtained when no 

baseline or demographic covariates were included in the model. 

 
 
Figure 2. 

 
 

 
 

 

Deep pressure provides greater pain relief than light pressure in socially disconnected 

individuals 

Social connectedness significantly moderated the effect of the weighted blanket on 
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PEG pain reductions, even after loneliness was included as a covariate (-1SD = 49.45, b = -

1.18, SEM = .42, p = .01, 95% CI [-2.01, -0.35]). As shown in Figure 3, within participants 

who reported the lowest social connectedness at baseline, the deeper pressure blanket 

induced greater pain relief than the light pressure weighted blanket. In contrast, the deep 

and light pressure blankets provided comparable levels of pain relief for individuals higher 

in social connectedness. The Johnson-Neyman cutoff value for social connectedness was 

66.55 (b = -.60, SEM = .30, p = .05). In the current sample, 41.49% of participants had 

social connectedness ratings below this value. The same pattern of results was obtained 

when no baseline or demographic covariates were included in the model. 

 
 
Figure 3. 
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Discussion 

Social isolation, rejection, and loneliness are known to amplify pain, but the effect of individual 

differences in social connectedness – a tendency to perceive closeness and belongingness with 

others – on chronic pain has not been rigorously studied. The current study conducted a 

secondary analysis of social connectedness and pain ratings in patients with chronic pain and 

assessed the role of social connectedness in the pain-reducing effects of deep pressure after 1-

week overnight use of a weighted blanket. Our previous study demonstrated greater pain 

reduction from the deep pressure (15-lb.) weighted blanket relative to the light pressure (5-lb.) 

placebo control weighted blanket (Baumgartner et al., 2021). The current analysis demonstrates a 

significant negative association between social connectedness and chronic pain scores, as well a 

greater effect of the deeper pressure blanket on pain relief for individuals who were most socially 

disconnected. These effects reveal close linkages between pain and the tendency to feel 

connected or close with other people, as well as the relevance of social connectedness in the 

outcome of sensory-affective interventions for chronic pain. 

The present study contributes to a growing appreciation of the relevance of social processes to 

pain and provides the first evidence to our knowledge of associations between individual 

differences in social connectedness and the experience of pain. At baseline, chronic pain patients 

who reported higher social connectedness provided lower ratings of chronic pain, anxiety, and 

depression. Importantly, social connectedness consistently accounted for the majority of variance 

in our models predicting pain, anxiety, and depression, compared to other baseline variables, 

including loneliness – a construct strongly negatively correlated with social connectedness – 

situating itself as a robust predictor of pain and mental health. This suggests a need for broader 

inclusion of measures that capture both positive and negative social factors in research 

attempting to elucidate affective contributions to the experience of chronic pain, capturing both 
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pain amplifying and pain buffering effects. 

 
Our results contribute to an emerging understanding of psychosocial context on pain by 

demonstrating anxiety as a mediator for the association between social connectedness and pain. 

This finding is consistent with previous research demonstrating positive correlations between 

pain and trait anxiety (Cioffi et al., 2016; James & Hardardottir, 2002; Tang & Gibson, 2005), 

state anxiety (Tang & Gibson, 2005), and experimentally induced anxiety (Rhudy & Meagher 

2000), as well as research showing negative correlations between social connectedness and 

anxiety (Lee & Robbins, 1995; Malaquias et al., 2015). Anxiety is a future-oriented emotion 

characterized by negative affect and anticipation of potential threats, resulting in 

hypervigilance, tension, and environmental and interoceptive scanning that facilitates sensory 

receptivity. Anxiety is thought to augment pain through mechanisms such as enhanced 

attention (hypervigilance) and monitoring for salient events like pain (Rhudy & Meagher 

2000). It is possible that social connectedness provides a schema by which chronic pain 

patients may allocate attentional resources to somatic processes associated with enhanced well-

being, environmental predictability, and homeostatic processes (Khalsa & Lapidus, 2016). 

Moreover, social connectedness is known to have a reciprocal relationship with positive affect 

leading to an “upward spiral” of positive affect and close connections (Ramsey & Gentzler, 

2015). It is possible that the propensity toward disconnection increases anxiety, initiating a 

“downward spiral” that increases the difficulty of developing and maintaining social 

connections. The increased anxiety produced from this downward spiral could then result in 

further increases in the perception and maintenance of pain. Recent work showing trait anxiety 

as a mediator between clinical pain and health-related quality of life in fibromyalgia (Galvez-

Sánchez et al., 2020) additionally points to a broad role of anxiety in mediating relationships 
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between pain and well-being. The influence of social connectedness on pain via anxiety may 

also be due to the role of social connectedness in assuaging threat appraisals generally, thereby 

reducing feelings of anxiety that amplify pain-related appraisals (Cacioppo & Hawkley, 2009; 

Watson & Clark, 1984; Adler-Neal et al., 2019; Leino & Magni, 1993; Ploghaus et al., 2001; 

Rhudy & Meagher, 2000; van den Hout et al., 2001). The fact that depression did not emerge 

as a significant mediator in the current study is noteworthy, and further suggests a threat and 

arousal-related regulatory or monitoring mechanism may mediate associations between 

perceptions of closeness and chronic pain specifically. 

 Another novel contribution of the present research is the finding that chronic pain 

patients in the current sample that reported the highest level of social disconnection required 

greater pressure from the weighted blanket to experience pain relief. The effect of the weighted 

blanket contributes to findings showing that deep pressure is associated with reductions in 

anxiety and increases in positive affect (Case et al., 2020; Field et al., 2010; Chen et al., 2013; 

Champagne et al., 2015), reductions in pain (Baumgartner et al., 2021; Field et al., 2002; Law et 

al., 2008; Honigman et al., 2016), and the effects of social-affective touch inputs in reducing 

negative social experiences generally (Heatley Tejada et al., 2020; Tai et al., 2011; von Mohr et 

al., 2017).  

 Touch is thought to serve, in a large part, to communicate discrete emotions 

(Morrison et al., 2010; Hertenstein et al., 2006), and can also serve as a source of semantic 

meaning for abstract concepts (Gibbs Jr et al., 2004). For example, the act of carrying physical 

weight is associated with processing the concept of “importance” (Zhang & Li, 2012). It is 

possible that deep pressure from a weighted blanket fosters an embodied, symbolic form of 

social support that communicates concepts and emotions associated with safety, security, and 

closeness (Eisenberger et al., 2011; Hertenstein et al., 2006; von Mohr et al., 2017), thereby 
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reducing pain-related appraisals in individuals that feel the greatest disconnection within their 

social environment. Individuals who lack social connection may be most receptive to these 

processes as they are more likely to attempt to compensate for a lack of closeness by creating 

connection with inanimate objects (Epley et al., 2008), some of which have been shown to 

mitigate the negative effects of social disconnection (Tai et al 2011). Interestingly, social 

disconnection evoked by a social exclusion manipulation is also associated with the 

phenomenological experience of “coldness” and increased desire for warmth (Zhong & 

Leonardelli, 2008). Conversely, social connection manipulations evoke feelings of warmth 

(Inagaki & Eisenberger, 2013) and engage neural circuitry overlapping both representations of 

CT-optimal and deep pressure touch (mid and posterior insula; somatosensory cortices: Case 

2020). CT afferents respond optimally to dynamic touch around 32°C (Ackerley et al., 2014; 

Vallbo et al., 1999), further supporting the idea that social-affective touch – perhaps including 

deep pressure – may provide a kind of “warm” social support in this context, and potentially in 

those who feel the greatest disconnection. It will be important for future research to distinguish 

between pain reduction effects attributed to the direct sensory experience of physical weight or 

deep pressure compared to effects generated from predictable and stable signatures of symbolic 

associations, or the upregulation of positive affect and other hedonic feelings and their 

psychosocial consequences. 

 
Constraints on generalizability 

 
We note several study limitations in the original report (see Baumgartner et al., 2021) that 

apply to the current secondary analysis. In addition to these limitations, it is noteworthy that the 

current sample consisted predominately of female and White persons, which limits 

generalizability to other gender, racial, and ethnicity groups who may be more susceptible to 
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feelings of social disconnection, resulting in part from stigma and isolation from structural 

racism, discrimination, and other social determinants of health in pain management (Todd et al., 

1994; Todd et al., 1993; Hoffman et al., 2016; Mossey, 2011). We maintain that weighted 

blankets are a relatively inexpensive and accessible tool for chronic pain relief that have the 

potential to benefit the unique needs of numerous people in an equitable manner. Future research 

should strive for more inclusive samples to better distinguish who may (or may not) benefit from 

such complementary interventions. 

 

Conclusion 
 

In conclusion, the present secondary analysis revealed a negative correlation between 

social connectedness and chronic pain, mediated by anxiety. We further demonstrated that 

chronic pain patients with a tendency toward low social connection benefited more from 

deeper pressure provided by a weighted blanket. These findings have important implications 

in the fields of health psychology, pain medicine, and rehabilitation science by providing 

additional evidence that individual differences in social processes are fundamental, not 

peripheral, to the experience and expression of pain. Psychosocial interventions that target the 

social-affective consequences of pleasant touch may make a meaningful contribution to 

chronic pain sufferers, especially those most vulnerable. 



27	 

Figure Legends 
 
 

Figure 1. Negative correlation between baseline social connectedness and chronic pain. 

Bivariate correlation analysis revealed that greater social connectedness ratings were 

significantly associated with lower PEG pain scores, r = -.26, p < .05. 

 

Figure 2. Mediation analyses between social connectedness and pain. 
 
(A) The hypothesized negative association between baseline social connectedness ratings and 

PEG pain scores was significantly mediated by anxiety, as indicated by a non-zero bootstrapped 

confidence interval. Greater levels of social connectedness were associated with lower anxiety, 

which in turn, predicted lower pain. Values are unstandardized coefficients from OLS regression 

after controlling for age, sex, race, opioid medication use, baseline loneliness, and baseline 

depression. Standard errors are represented in parentheses. Significance of indirect effects was 

predicated on bias-corrected bootstrapped approximations with 5,000 iterations and 95% bias-

corrected confidence intervals. Asterisks indicate significance paths at the *p < .05 and 

**p < .01 levels. (B) The hypothesized negative association between baseline social 

connectedness ratings and PEG pain scores was not significantly mediated by depression, as 

indicated by a bootstrapped confidence interval that included zero. 

 
 
 
 

Figure 3. Baseline social connectedness significantly moderates the association between 

blanket pressure and chronic pain reductions. There was a significant interaction between 
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weighed blanket group and baseline social connectedness reductions in predicting PEG pain 

reductions from Baseline to Post-intervention. Post hoc tests revealed that PEG reductions were 

significantly greater in the deep pressure weighted blanket group [“heavy blanket” (HB); dark 

blue line] for chronic pain patients who reported a “low” level of social connectedness (-1SD = 

49.45) at baseline. PEG reductions were relatively unchanged in the light pressure weighted 

blanket group [“light blanket” (LB); light blue line) in those who reported low social 

connectedness at baseline. The dotted grey line represents the exact value (66.55) of social 

connectedness where the conditional effect was no longer significant. Values are displayed after 

adjusting for age, sex, race, opioid use, loneliness, blanket-related pain expectations, and 

baseline PEG scores. Asterisks indicate significance difference at the **p < .01 level. 
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Appendix 
 
 

Table A1. Descriptive statistics and bivariate correlations among Post-intervention ratings. 
 

Variable M SD 1 2 3 4 

1. SCS 73.48 23.08 _    

2. PEG 5.71 1.79 -.36** _   

3. Anxiety 6.31 3.47 -.53** .38** _  

4. Depression 5.64 4.33 -.54** .45** .73** _ 

 
Note. *p < .05, **p < .01. 

 
SCS = Social Connectedness Scale, PEG = Pain, Enjoyment of Life and General Activity Scale. 

 
 
 
 

Table A2. Results of the multiple regression analysis for variables predicting 

baseline chronic pain intensity and interference (PEG) scores. 

Variable B β t Shapley R2 p 

Age .00 .02 .16 .29% .88 

Gender .38 .14 1.33 8.52% .19 

Race -.30 -.16 -1.59 14.35% .12 

Opioid use .55 .20 1.96 19.63% .05 
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Baseline loneliness -.01 -.05 -.35 14.30% .73 

Baseline social connectedness -.02 -.35 -2.40 42.90% .02 
 

Note. R2 for the full model = .14 (N = 94, p = .03). 
 

PEG = Pain, Enjoyment of Life and General Activity Scale. 
 

Gender was coded as 1 = female, 2 = male, 3 = unspecified. Opioid use was coded as 0 = 

not currently taking opioid medications, 1 = currently taking opioid medications. 

 
 

Table A3. Results of the multiple regression analysis for variables predicting Post-

intervention chronic pain intensity and interference (PEG) scores. 

Variable B β t Shapley R2 p 

Age .02 .13 1.37 5.82% .18 

Gender .24 .07 .67 .70% .50 

Race -.57 -.23 -2.38 14.89% .02 

Opioid use .87 .24 2.51 17.52% .01 

Group -.32 -.09 -.94 2.09% .35 

Post-intervention loneliness .00 .00 .03 14.36% .98 

Post-intervention social -.03 -.44 -3.57 44.61% .00 

connectedness      

 
Note. R2 for the full model = .27 (N = 94, p < .001). 

 
PEG = Pain, Enjoyment of Life and General Activity Scale. 

 
Gender was coded as 1 = female, 2 = male, 3 = unspecified. Opioid use was coded as 0 

= not currently taking opioid medications, 1 = currently taking opioid medications. 

Group was coded as 0 = light pressure weighted blanket, 1 = deeper pressure weighted 

blanket. 
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Table A4. Results of the multiple regression analysis for variables predicting 
 

baseline anxiety scores.      

Variable B β t Shapley R2 p 

Age -.05 -.17 -1.99 7.29% .05 

Gender .78 .11 1.34 3.70% .19 

Race -.70 -.14 -1.77 3.05% .08 

Opioid use .72 .10 1.24 1.28% .22 

Baseline loneliness .03 .13 1.07 29.67% .29 

Baseline social connectedness -.09 -.54 -4.60 55.00% .00 
 

Note. R2 for the full model = .45 (N = 94, p < .001). 
 

Gender was coded as 1 = female, 2 = male, 3 = unspecified. Opioid use was coded as 0 

= not currently taking opioid medications, 1 = currently taking opioid medications. 

 
 

Table A5. Results of the multiple regression analysis for variables predicting Post- 
 

Intervention anxiety scores.  

Variable B β t Shapley R2 p 

Age -.04 -.14 -1.54 5.91% .13 

Gender .40 .06 .62 1.20% .54 

Race -.76 -.15 -1.70 5.49% .09 

Opioid use .31 .04 .48 1.10% .63 

Group -.45 -.07 -.74 1.71% .46 

Post-intervention loneliness .06 .28 2.40 39.69% .02 
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Post-intervention social -.06 -.37 -3.20 44.90% .00 
 

connectedness 

 
Note. R2 for the full model = .39 (N = 90, p < .001). 

 
Gender was coded as 1 = female, 2 = male, 3 = unspecified. Opioid use was coded as 0 = 

not currently taking opioid medications, 1 = currently taking opioid medications. Group 

was coded as 0 = light pressure weighted blanket, 1 = deeper pressure blanket. 
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Table A6. Results of the multiple regression analysis for variables predicting 
 

baseline depression scores.  

Variable B β t Shapley R2 p 

Age -.03 -.09 -1.08 2.04% .29 

Gender -.07 -.01 -.09 .69% .93 

Race .67 .11 1.40 3.52% .17 

Opioid use .19 .02 .27 1.43% .79 

Baseline loneliness .09 .31 2.65 41.31% .01 

Baseline social connectedness -.08 -.40 -3.41 51.01% .00 
 

Note. R2 for the full model = .46 (N = 94, p < .001). 
 

Gender was coded as 1 = female, 2 = male, 3 = unspecified. Opioid use was coded as 0 

= not currently taking opioid medications, 1 = currently taking opioid medications. 

 
 

Table A7. Results of the multiple regression analysis for variables predicting Post- 
 

Intervention depression scores.  

Variable B β t Shapley R2 p 

Age -.02 -.07 -.77 1.44% .44 

Gender -.18 -.02 -.23 .31% .82 

Race -.23 -.04 -.41 .61% .68 

Opioid use -.11 -.01 -.14 2.08% .89 

Group -.22 -.02 -.28 .63% .78 

Post-intervention loneliness .10 .36 3.06 49.52% .00 

Post-intervention social -.06 -.31 -2.68 45.41% .01 

connectedness      
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Note. R2 for the full model = .38 (N = 90, p < .001). 

 
Gender was coded as 1 = female, 2 = male, 3 = unspecified. Opioid use was coded as 0 

= not currently taking opioid medications, 1 = currently taking opioid medications. 

Group was coded as 0 = light pressure weighted blanket, 1 = deep pressure weighted 

blanket. 
 




