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Abstract

Background: Posttraumatic stress disorder (PTSD) is associated with increased risk for
morbidity and mortality, which may be mediated through elevated inflammation. In contrast,
social support appears to protect against morbidity and mortality, reduce levels of inflammation,
and improve PTSD outcomes.

Methods: We examined relationships among social isolation, perceived social support, and
inflammation in Veterans Affairs (\VA) patients with and without PTSD. Our sample included

735 (35% PTSD+) participants from the Mind Your Heart Study (mean age = 58 + 11; 94%

male). Social isolation was assessed with the Berkman Syme Social Network Index; perceived
social support with the Multidimensional Scale of Perceived Social Support; and PTSD with the
Clinician Administered PTSD Scale. Inflammation was indexed by high sensitivity C-reactive
protein, white blood cell count, and fibrinogen. Hierarchical linear regression was used to examine
associations between social measures and inflammation. PROCESS was used to examine the
interactive effects of social relationships and PTSD on inflammation.

Results: Social isolation, but not low perceived social support, trended towards an association
with elevated inflammation in the full sample. However, considering groups with and without
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PTSD separately, social isolation was significantly associated with all inflammatory markers
among individuals without PTSD, but not among those with PTSD.

Conclusions: Social integration is associated with reduced inflammation in individuals without,
but not with, PTSD. Socially integrated individuals with PTSD did not have lower levels of
inflammatory markers than socially isolated individuals with PTSD.
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1. Introduction

Posttraumatic stress disorder (PTSD) has been repeatedly linked with elevated inflammation,
including in a meta-analysis of 20 studies (Passos et al., 2015). In fact, accumulating
evidence indicates that inflammation could play a role in the pathophysiology of PTSD
(Eraly et al., 2014; O’Donovan et al., 2017), and in the excess physical disease burden
associated with PTSD (Boscarino, 2008; Edmondson et al., 2013; O’Donovan et al., 2015).
In contrast, social support is associated with lower levels of inflammation (Fagundes et

al., 2011; Kiecolt-Glaser et al., 2010) and better physical health (Cacioppo et al., 2015; Holt-
Lunstad et al., 2010). Thus, it is plausible that social support could reduce inflammation

and improve mental and physical health outcomes in people with PTSD. However, to our
knowledge, no studies have examined if social support is associated with inflammation in
individuals with PTSD.

Elevated inflammation may play a role in the deleterious health effects of traumatic stress,
particularly in individuals who develop PTSD. PTSD has been linked with elevated levels

of inflammatory markers, including high sensitivity C-reactive protein (hsCRP), white blood
cell (WBC) count, and fibrinogen (O’Donovan et al., 2017). Similarly, a 2015 meta-analysis
and meta-regression of the literature concluded that PTSD is associated with increased levels
of pro-inflammatory proteins called cytokines, including interleukin-6 (IL-6), interleukin-1p
(IL-1pB), tumor necrosis factor-a (TNF-a), and interferon-y (IFN-y) (Passos et al.,

2015). In turn, high levels of inflammation confer increased risk for numerous chronic
diseases, including coronary heart disease, metabolic syndrome, autoimmune disorders, and
neurodegenerative diseases (Hansson, 2005; Heppner et al., 2015; Tabas and Glass, 2013).
Furthermore, there is emerging evidence that elevated inflammation may elicit psychiatric
symptoms, including symptoms of PTSD (Dantzer et al., 2008; Eraly et al., 2014; Raison et
al., 2013).

Social support has positive effects on mental and physical health and may protect against
adverse health outcomes in PTSD. Previous research has distinguished between two distinct
aspects of social support that may have different associations with inflammation and health
outcomes. The first is social isolation/integration, reflecting the objective measures of the
size of one’s social network, quantified by the number and frequency of social ties (Berkman
and Syme, 1979). The second is perceived social support, reflecting subjective relationship
quality, as assessed by perceived emotional support available from family, friends, and
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significant others (Zimet et al., 1988). A recent meta-analysis found that objective social
isolation, but not subjective low perceived social support, was significantly associated with
increased mortality (Holt-Lunstad et al., 2010). Large-scale studies indicate that socially
isolated individuals display elevated levels of systemic inflammatory markers, including
hsCRP, WBC count, and fibrinogen (Ford et al., 2006; Kreibig et al., 2014). The data linking
low perceived social support with elevated levels of inflammation is far less robust; while
there have been modest associations seen in at least one study (Mezuk et al., 2010), other
studies have found no association (McDade et al., 2006)or even the opposite relationship
(Helminen et al., 1997).

In the present study, we examine whether social isolation and low perceived social support
are associated with elevated levels of inflammation in a sample of 735 Veterans Affairs
(\VVA) patients with and without PTSD enrolled in the Mind Your Heart Study. We measured
three inflammatory markers: hsCRP, an acute-phase reactant and nonspecific marker of
inflammation that is secreted by the liver and adipose tissues (Lowe, 2001); WBC count, a
major clinical marker of inflammatory activity (Lowe, 2001); and fibrinogen, an acute phase
protein and hemostatic that plays a pro-inflammatory role in the pathogenesis of various
diseases (Pearson et al., 2003). We selected these markers given their wide availability

in clinical settings and evidence as markers of inflammation. CRP is measured clinically

to assess cardiovascular disease risk and monitor infectious and inflammatory conditions
(Ridker, 2007). White blood cell count is frequently checked to diagnose infections and

as part of routine clinical assessments (Farhangi et al., 2013; Oda and Kawai, 2010).
Fibrinogen has been a common marker used particularly in the study of cardiovascular
disease but has also been found to play a key role in many other inflammatory/

systemic diseases (Davalos and Akassoglou, 2012).Understanding associations between
social relationships and inflammation in those with and without PTSD may help tailor
interventions to improve health.

2. Methods and Materials

2.1 Participants

The Mind Your Heart Study is a prospective cohort study designed to examine the effects

of PTSD on health outcomes in VA patients. Between 2008-2010, data were gathered

from adult outpatients at the San Francisco VA Medical Center and the VA Palo Alto

Health Care System, California. Patients who planned on leaving the area within three

years or who did not have stable contact information were excluded. Because the study
involved an exercise-treadmill test, potential participants were also excluded if they had

had a myocardial infarction in the prior six months or were unable to walk one block. If
participants reported symptoms of acute illness, their appointment was rescheduled. Overall,
1020 patients were recruited; of these, 104 were ineligible and 170 were eligible but did

not complete enrollment, leaving 746 enrolled patients. 11 patients were excluded because
they did not have complete PTSD assessments; 735 VA patients were included in the present
analyses. The study was reviewed by the Committee on Human Research at the University
of California, San Francisco, and all participants provided written informed consent.

Brain Behav Immun. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ahmadian et al.

Page 4

2.2 Social isolation and perceived social support

Social isolation was assessed with the Berkman Syme Social Network Index (SNI), which
assesses marital status; sociability (number and frequency of contacts with extended family
and close friends); church group membership; and community organization membership.
The index yields continuous scores (range 1-12) and also allows individuals to be classified
based on standard cutoff scores established and used in previous research studies: socially
isolated, moderately isolated, moderately integrated, and socially integrated (Berkman and
Syme, 1979; Berkman and Glass, 2000). SNI data was missing for seven participants.

Perceived social support was measured using the validated 12-item Multidimensional Scale
of Perceived Social Support (MSPSS), which assesses perceived support from family,
friends, and significant others (Zimet et al., 1988). Respondents answer questions on

a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree). A
continuous score is then generated, ranging from 12-60, with a higher score indicating
greater perceived social support. The scale has a reported alpha coefficient of 0.88 and
test-retest reliability of 0.85 (Kazarian and McCabe, 1991). MSPSS data was missing for
five participants.

2.3 Psychiatric diagnoses

PTSD symptoms were assessed with the Clinician-Administered PTSD Scale (CAPS), a
structured interview measure based on the DSM-IV (Weathers et al., 2001). PTSD was
defined based on the standard CAPS cutoff score of >40 (Weathers et al., 2001; Wingenfeld
et al., 2015). All diagnoses were made by trained clinical interviewers who calibrated their
assessments under the supervision of a PhD-level clinical psychologist.

2.4 Inflammatory markers

Morning fasting venous blood samples were drawn from participants to measure levels

of inflammatory biomarkers. hsCRP was measured using a BNII nephelometer (Siemens
Health Care Diagnostics, Tarrytown, New York) with interassay coefficients of variation <
5%. WBC count, measured as the number of WBC per volume of blood, was determined
using the Beckman Coulter LH 750 analyzer (Beckman Coulter, Inc., California) with an
interassay coefficient of variation < 2%. Serum fibrinogen concentrations were obtained
by the Clauss assay with coefficients of variation < 3%. We were missing data for

seven participants for hsCRP, four participants for WBC count, and four participants for
fibrinogen.

2.5 Covariates

Self-report questionnaires were administered to all patients to assess demographics,
including age, sex, race, income, and education. Medications were obtained through
self-report, including use of statins and antidepressants (i.e. selective serotonin and
norepinephrine reuptake inhibitors, tricyclics, and atypicals). Comorbid depression was
assessed using modules of the World Health Organization Composite International
Diagnostic Interview (CIDI) Computer Assisted Personal Interview (Version 21.1.1), which
generated diagnoses based on Diagnostic and Statistical Manual-1V (DSM-IV) criteria
(Wittchen, 1994). History of comorbid health conditions and disease events was obtained
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through self-report. Participants were asked to report whether a doctor or nurse had
diagnosed them with a series of conditions. We calculated a comorbidity severity score

by including 1 point for each of the following categories of disorders: cardiovascular disease
(heart attack, angina, congestive heart failure, other heart disease, or stroke); chronic lung
disease (chronic obstructive lung disease or other chronic lung disease); diabetes; neurologic
disease (Parkinson’s, dementia, or other neurologic disease); renal disease; liver disease
(hepatitis, cirrhosis, or other liver disease); AIDS/HIV; and cancer excluding skin cancer.
Kidney function was also assessed because impaired renal function has been associated with
systemic inflammation, such as elevated hsCRP (Ix et al., 2003). This was calculated from
serum creatinine levels obtained through fasting morning venous blood samples using the
Modification of Diet in Renal Disease (MDRD) equation (Levey et al., 2000).

Questionnaires were used to assess health behaviors; including current tobacco and alcohol
use, physical activity, and sleep quality (Cohen et al., 2009). Participants were asked to
indicate on a 6-point Likert Scale how often they engaged in vigorous activity for at

least 15-20 minutes at a time. As in previous research, the variable was dichotomized

with physical inactivity defined as being not at all or a little active (Cohen et al., 2009).
Self-report has been shown to be a reliable method of assessing physical activity and has
demonstrated excellent construct validity (Jackson et al., 2007). Participants self-rated their
overall sleep quality in the prior month, using a 5-point Likert Scale with ratings of “very”
or “fairly bad” being coded as poor sleep quality as in previous research (Cohen et al.,
2009). The Alcohol Use Disorders Identification Test-consumption questions (AUDIT-C)
was used to identify possible problematic alcohol use, using the recommended cut-off scores
of 3 for women and 4 for men (Cohen et al., 2009). BMI was assessed by a trained
technician. Self-reported use of immunosuppressant or steroid medication was recorded and
then verified by chart review. There were nine responses missing for physical activity; 10
for sleep quality; 27 for alcohol use; 10 for smoking; and none for BMI. All covariates had
participant response rates of 96% or higher.

2.6 Statistical analysis

Differences in participants’ characteristics by SNI category were assessed using ANOVA
for continuous data and Chi-square tests for categorical data. A series of hierarchical linear
regression models were used to examine associations of objective and subjective measures
of social support (i.e. SNI and MSPSS score) with inflammatory markers. Bootstrapped
models were constructed to examine the interaction between social support measures and
PTSD using the SPSS macro PROCESS (Hayes and Little, 2018). While the primary
inflammation analyses for SNI were completed using the continuous score, illustration

of results were done using the standardized categorical cut-offs to better visualize the
relationships. All models were adjusted for age, gender, and race. We also analyzed
whether results were independent of additional confounders, including income, education,
and kidney function. Given their potential effect on inflammatory markers and patient’s
symptomatology, the use of statins and antidepressants were also included in this second
series of analyses. Furthermore, we examined the potential role of health behaviors by
including them as covariates in our models if they were associated with inflammatory
markers at p < 0.10 in the full sample. Finally, we ran sensitivity analyses excluding
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all participants with raw hsCRP values greater than 10 mg/L (n = 24) and individuals
taking immunosuppressant or steroid medications (n = 17) to exclude the possibility of
acute inflammation due to infection or injury influencing our results. Lastly, given the
potential effects of health comorbidities and depression on chronic inflammation as well as
patients’ social status, we reran our primary analyses further adjusting for the comorbidity
index and depression. We did not adjust for depression and anxiety in our models because
their symptoms overlap with PTSD symptoms and therefore can act as a marker of PTSD
severity. For all analyses, hsCRP, WBC count, and fibrinogen were log-transformed to
produce normal distributions. As PROCESS generates unstandardized coefficients for the
conditional effects, standardized betas were subsequently calculated in Stata 15.0 to better
compare the relative effects between the three inflammatory markers. All other statistical
analyses were performed with SPSS 24.0.

3. Results

3.1 Sample characteristics

Participants had a mean age of 58 + 11 and were 94% male and 59% white, and

35% had a current PTSD diagnosis. Socially isolated individuals comprised 26% of

the sample; moderately isolated individuals comprised 49% of the sample; moderately
integrated individuals comprised 16%; and socially integrated individuals comprised 9%
(Table 1). Among the potential confounding variables, there were significant differences in
age, income, kidney function, and statin use across SNI score. Among health behaviors,
there were significant differences in smoking. For perceived social support, as determined
by MSPSS score, there were significant differences in sex, income, and antidepressant
use among confounders as well as significant differences in smoking, physical inactivity,
alcohol, sleep, and BMI among health behaviors (p’s <.05). Additionally, there was also
a significant association between perceived social support and social isolation (r = 0.38,
p<.001).

3.2 PTSD and social support

Surprisingly, there were no differences between people with and without PTSD in
continuous SNI scores (mean 3.28 mg/L + 2.53 in those with PTSD vs. 3.61 mg/L +

2.59 in those without PTSD, p =0.10). Moreover, there were no significant differences in
distribution of SNI categories between people with and without PTSD (x = 1.82, p = 0.61).
For example, compared to participants without PTSD, those with PTSD were not more
likely to be in the socially isolated category (28.5% vs. 24.2%, z = 1.25, p = 0.21) or in the
socially integrated category (8.3% vs. 9.7%, z = 0.61, p = 0.54). In contrast, individuals with
PTSD did report lower levels of perceived social support by MSPSS (mean 36.6 + 12.4 vs.
435+12.2,1=7.26, p <0.01).

3.3 Social isolation and inflammation

We examined whether social isolation was associated with inflammation by comparing
levels of inflammatory markers across SNI scores. When adjusting for age, gender and race,
social isolation tended to be associated with higher levels of WBC count (f = 0.08, p =
0.03) and fibrinogen (p = 0.08, p = 0.04) but not hsCRP ( = 0.06, p = 0.13). However,
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after repeating our analyses further controlling for education, income, and kidney function,
statin and antidepressant use, social isolation was not significantly associated with any of the
inflammatory markers - hsCRP (B = 0.04, p = 0.28), WBC count (p = 0.08, p = 0.09), and
fibrinogen (p = 0.07, p = 0.07).

3.4 Perceived social support and inflammation

We also examined whether lack of perceived support was associated with inflammation by
examining associations of MSPSS scores with levels of inflammatory markers. Perceived
support was not significantly associated with any inflammatory marker in models adjusted
for age, gender, and race (p = —0.05, p = 0.16 for hsCRP; g = -0.04, p = 0.33 for WBC
count; p = —0.02, p = 0.51 for fibrinogen), or in those additionally adjusted for education,
income, Kidney function, statins and antidepressant use (p = —0.02, p = 0.58 for hsCRP; =
-0.03, p = 0.51 for WBC count; g = -0.02, p = 0.52 for fibrinogen).

3.5 PTSD as a moderator of the relationship between social support and inflammation

In our moderation analyses, we found that PTSD status moderated the relationship between
SNI score and hsCRP (b = 0.09, SE = 0.04, p = 0.02), WBC count (b = 0.02, SE = 0.01,

p = 0.02), and fibrinogen (b = 0.02, SE = 0.01, p = 0.04) after adjusting for age, gender

and race. In line with our moderating results and a priori goal to examine associations of
social support with inflammatory markers separately in individuals with and without PTSD,
we examined associations of SNI scores with inflammatory markers in separate models for
people with versus without PTSD. Among those without PTSD, greater social isolation was
significantly associated with elevated levels of all inflammatory markers (B = 0.12, p =
0.01 for hsCRP; B = 0.14, p = 0.002 for WBC count; § = 0.13, p = 0.01 for fibrinogen).

In contrast, social isolation was not associated with any inflammatory marker among those
with PTSD (B = 0.08, p = 0.20 for hsCRP; = 0.04, p = 0.53 for WBC count, § = 0.003,

p = 0.69 for fibrinogen) (Figure 1A-C). When additionally adjusting for education, income,
kidney function, and statin and antidepressant use, PTSD status remained a significant
moderator of the relationship between SNI score and all inflammatory markers [hsCRP (b
=0.09, SE = 0.04, p =0.01), WBC count (b = 0.02, SE = 0.01, p = 0.01), and fibrinogen

(b =0.02, SE =0.01, p =0.02)]. Among those without PTSD, social isolation remained
associated with elevated hsCRP (B = 0.09, p = 0.048), WBC count ( = 0.13, p = 0.01)

and fibrinogen (B = 0.12, p = 0.01). There were no significant associations between social
isolation and inflammation among those with PTSD (p’s >0.10). A similar pattern of results
was found after adjusting for health behaviors, with PTSD status continuing to significantly
moderate the relationship between SNI score and all inflammatory markers such that social
isolation was associated with all inflammatory markers in those without PTSD, but not those
with PTSD.

As an exploratory analysis, we then examined if individuals with PTSD, irrespective of their
level of social integration, had similar levels of inflammation as socially isolated individuals
without PTSD. We compared levels of inflammatory markers between all individuals with
PTSD and individuals without PTSD who were in the socially isolated category. Between
these two groups, t-tests revealed no significant differences in inflammation (p = 0.39 for
hsCRP, p = 0.37 for WBC, p = 0.83 for fibrinogen). Thus, individuals with PTSD on
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the whole had levels of inflammation comparable to those of socially isolated individuals
without PTSD.

In analyses focused on perceived social support, PTSD did not moderate the relationship
for any inflammatory marker (b = 0.006, SE = 0.007, p = 0.38 for hsCRP; b = 0.003, SE
=0.002, p = 0.07 for WBC; b = 0.001, SE = 0.001, p = 0.28 for fibrinogen). Moreover,
perceived social support was not associated with any inflammatory marker in individuals
with and without PTSD considered separately (p’s > 0.10).

3.6 Sensitivity Analyses

We omitted individuals with hsCRP levels > 10 mg/L (n = 24) to exclude the possibility

of acute inflammation secondary to infection or injury accounting for our pattern of results.
As in our main analyses, relationships between social isolation and elevated inflammatory
markers were not significant in models including all participants. Moreover, PTSD remained
a significant moderator of the relationship between SNI score for hsCRP, WBC count, and
fibrinogen and SNI scores were significantly associated with inflammatory markers in those
without but not with PTSD. We also ran our models excluding individuals those who were
taking immunosuppressant or steroid medications (n = 17). Again, the pattern of results was
similar, although there was now a significant association of social isolation and both WBC
count and fibrinogen among all participants (p’s = 0.04, see Supplementary Table 1 for
details). However, moderating effects and results stratifying by PTSD status had the same
pattern as our main models. Lastly, rerunning our main models adjusted for comorbidities
and depression did not substantially change the pattern of results, with social isolation
having a significant association with WBC count among all participants in these analyses (p
= 0.03), but moderating effects and PTSD-stratified results being similar (see Supplementary
Table 2 for details). For these analyses, the comorbidity index was significantly associated
with elevated hsCRP (p = 0.11, p = 0.003) and WBC count (g = 0.08, p = 0.03) but not
fibrinogen (p = 0.49). Depression was associated with elevated WBC count (B = 0.09, p =
0.02), but not hsCRP or fibrinogen (p’s > 0.10). Additionally, rerunning our main models
with our small sample of women excluded also did not change our pattern of results. MSPSS
analyses were similar for all sensitivity analyses as well.

4. Discussion

In the present study of 735 Veterans Affairs patients, we found that social isolation was
associated with higher levels of inflammatory markers in participants without PTSD, but not
in those with PTSD. This pattern of findings was robust to adjustment for race, education,
income, Kidney function, health behaviors, exclusion of individuals with hsCRP levels >

10 mg/L, and exclusion of individuals taking anti-inflammatory medications. Notably, we
found that individuals with PTSD had average levels of inflammation similar to those of
socially isolated people without PTSD. We found no associations between perceived social
support and inflammation in either group. To our knowledge, we are the first to show that
the relationship between social integration and lower levels of inflammation is not present
among people with PTSD.
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Our findings are consistent with previous studies linking social isolation with increased
levels of systemic inflammatory markers in otherwise healthy individuals (Ford et al., 2006;
McDade et al., 2006). In our study, socially isolated individuals without PTSD had higher
levels of hsCRP, WBC count, and fibrinogen compared to socially integrated individuals.
As all of these inflammatory markers are associated with increased risk for physical (Lowe,
2001; Pearson et al., 2003) and mental (Dantzer et al., 2008; Ribeiro-Santos et al., 2014)
illness, social isolation may represent a modifiable risk factor for morbidity and mortality
in those without PTSD. In contrast, low perceived social support was not associated with
elevated inflammation in the current study in patients with or without PTSD. While there
have been studies that showed modest associations between low perceived social support
and elevated levels of inflammation (Mezuk et al., 2010), our study is in line with other
studies demonstrating no relationship between low perceived social support and elevated
inflammatory markers (McDade et al., 2006). These contrasting findings for objective and
perceived social support may have implications for the design of public health and clinical
socially supportive interventions.

In our sample, social isolation was not associated with higher levels of inflammation among
individuals with PTSD. However, we also found that mean levels of inflammatory markers
in individuals with PTSD were similar to those observed in individuals without PTSD who
were socially isolated, with both groups demonstrating elevated inflammation. Individuals
with PTSD may be more likely to experience stress as a result of their social relationships;
friends and family may cause stress by avoiding discussing the illness, responding critically,
acting in an overprotective manner, or provoking experiences of irritability or anger (Graham
et al., 2007). Those with PTSD may be especially prone to negative thoughts and emotions
following stressful social situations (Hofmann et al., 2003), which may in turn promote
inflammation (YYang and Kim, 2015). Inflammation may also be part of the pathophysiology
of PTSD itself, and therefore upstream of and not modifiable by, social relationships (Passos
et al., 2015). In particular, because inflammatory markers predict PTSD symptomology
prospectively (Eraly et al., 2014) and may be essential to the development of PTSD (Rau

et al., 2005), PTSD-related inflammation may be a reason that social integration does not
appear to be associated with lower inflammatory markers in these individuals.

4.1 Limitations

Our results should be interpreted in the light of several limitations. First, the cross-
sectional study design limits our ability to make conclusions about the causal direction

of the relationships between social support and inflammation. Moreover, we could not
investigate whether there were individuals with PTSD who benefitted from social integration
longitudinally, such that they had reductions in levels of inflammation over time. Second,
we assessed health behaviors at a single time point using mostly self-report measures,
which may be biased towards underestimation, particularly among older males (Newell

et al., 1999). Third, we were limited in our ability to adjust for the many types and

degrees of severity of chronic health conditions that could influence levels of inflammation,
as only self-reported measures of a limited number of conditions were available. Fourth,
inflammation is a complex process involving numerous mediators and pathways. Our study
included three markers of inflammation that we believe are helpful to evaluate as they are
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widely available clinically. However, they give an incomplete picture of inflammation and

repeating these analyses in studies with inflammatory cytokines and additional biomarkers
will be important. Finally, as only 6% of participants were female and all patients were VA
patients, findings may not be generalizable to females or to the general population.

5. Conclusions

In the present study, we found that individuals with PTSD had elevated inflammation
regardless of level of social integration, whereas social integration was associated with
reduced levels of inflammatory markers among individuals without PTSD. Further research
could help determine if interventions to improve the nature and quality of social support
would be effective in reducing inflammation in those with or without PTSD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. PTSD status moderated the relationship between social integration and
inflammation

. Social integration was associated with lower inflammation in people without
PTSD

. In PTSD, there was no association between social integration and
inflammation

. Perceived social support was not associated with levels of inflammation
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Relationship between Social Network Index (SNI) Category and Inflammation by
Posttraumatic Stress Disorder (PTSD) Status. Figure shows mean levels with standard errors
of log-transformed inflammatory markers, including high sensitivity C-reactive protein
(hsCRP), white blood cell (WBC) count, and fibrinogen. SNI of 1 is most socially isolated,

while SNI of 4 is most socially integrated.
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Table 1.
Demographic and Clinical Characteristics by Social Network Index (SNI) Caltegorya
Characteristic SNI=1(n=187) SNI =2 (n =360) SNI =3 (n=114) SNI =4 (n=67)
Mean = SD or N Mean = SD or N Mean = SD or N Mean = SD or N b
(%) or Min - Max (%) or Min - Max (%) or Min - Max (%) or Min - Max p value
Social network index raw score 1.0£0.0 29+14 6.1+0.3 9214 <0.001
MSPSS Score 35.5+12.7 39.9+12.2 48979 45.0+11.3 <0.001
Age (years) 57.0+10.0 57.7+115 60.1+11.7 64.4+11.6 <0.001
Male sex, n (%) 177 (94.7%) 336 (93.3%) 109 (95.6%) 66 (98.5%) 0.35
White race, n (%) 107 (57.8%) 200 (56.7%) 82 (71.9%) 34 (51.5%) 0.02
eGFR (mL/min/1.73 m?) 84.1+23.0 84.2+22.0 81.4+21.1 77.4+204 0.09
College graduate, n (%) 46 (24.7%) 106 (29.4%) 47 (41.2%) 18 (26.9%) 0.02
Annual income <$20,000, n (%) 89 (47.6%) 120 (33.6%) 12 (10.5%) 8 (12.1%) <0.001
(Poj)s)ttraumatic Stress Disorder, n 72 (38.5%) 123 (34.2%) 37 (32.5%) 21 (31.3%) 0.61
(]
CAPS Score past month
CAPS Score total 30.3+33.3 27.8+31.1 27.1+£29.5 23.9+30.2 0.53
CAPS Re-experiencing 75+9.3 75+93 72+96 59+8.6 0.59
CAPS Avoidance 126+ 145 10.3+12.7 95+11.2 8.6+11.8 0.07
CAPS Hyperarousal 10.2+11.3 9.8+11.0 10.4 £10.7 95+115 0.92
Health related behaviors
Current smoker, n (%) 62 (33.5%) 90 (25.1%) 13 (11.5%) 14 (20.9%) <0.001
Physical inactivity, n (%) 61 (32.8%) 103 (28.8%) 31 (27.4%) 15 (22.4%) 0.41
Problematic alcohol use, n (%) 77 (42.8%) 137 (39.7%) 54 (47.8%) 27 (40.3%) 0.49
Poor sleep quality, n (%) 85 (46.0%) 129 (36.0%) 41 (36.3%) 25 (37.3%) 0.14
Body mass index (kg/m?) 28.7+5.7 29.0+5.7 29.5+54 29.3x5.1 0.66
Inflammatory markers
hs-CRP Range (mg/L)C 0.16 -44.0 0.16 - 88.0 0.16 —24.0 0.16-21.1 0.09
WEBC count Range (x109/L)C 24-154 2.8-18.2 3.2-140 34-113 0.07
Fibrinogen Range (mg/dL)c 154 - 660 91-761 182 - 626 196 - 462 0.26
Medication use
Statins, n (%) 57 (30.5%) 121 (33.8%) 60 (52.6%) 33 (49.3%) <.001
Antidepressants, n (%) 55 (30.7%) 86 (48.0%) 23 (12.9%) 67 (9.2%) 0.29
Comorbidities
Depression, n (%) 53 (29.1%) 98 (28.2%) 23 (20.5%) 7 (10.8%)" 0.01
Comorbidity index 0.95+1.00 1.00 +1.00 1.01+1.00 1.20+1.10 0.13

Notes. SD, standard deviation; MSPSS, Multidimensional Scale of Perceived Social Support; eGFR, estimated glomerular filtration rate; CAPS,
Clinically-Administered PTSD Scale; hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cell.

aSociaIIy isolated (SNI = 1), moderately isolated (SNI = 2), moderately integrated (SNI = 3), socially integrated (SNI = 4).

b . . : .
p-values are based on chi squared for ratios and ANOVA for continuous variables.

c . . .
Range refers to the lowest-highest levels of inflammatory markers in each group
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