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A B S T R A C T

Prior work has established a robust association between childhood maltreatment and systemic inflammatory
activation later in life; however, the mechanisms involved in this process remain incompletely understood. The
purpose of this investigation was to examine potential mechanistic roles for social anxiety (SA) symptoms and low
positive affect (PA) in the path from childhood maltreatment to elevations in circulating interleukin (IL)-6, a
common biomarker of inflammatory activation. In addition, building on prior work establishing linkages between
mindful awareness and reductions in systemic inflammation, we examined the potential role of trait mindfulness
as a moderator of the relationships among childhood maltreatment, SA, low PA, and IL-6. A serial mediation
model utilizing a large epidemiologic dataset (final N ¼ 527) supported our central hypothesis that the direct
effect of childhood maltreatment on IL-6 was fully serially statistically mediated by SA symptoms and low PA (but
not high negative affect). Additionally, results indicated that individuals falling in the upper versus lower
quartiles of SA symptoms demonstrated significantly elevated concentrations of IL-6, a finding that has not been
previously reported. Trait mindfulness moderated the association between low PA and IL-6, to the exclusion of
any paths related to negative affect. Additionally, results indicated that the effect of child maltreatment on IL-6
bypasses SA to indirectly impact IL-6 via negative affect. Overall, we conclude that childhood maltreatment and
SA symptoms have a significant influence on IL-6, albeit indirectly via low PA, and the influence of PA on IL-6 may
be uniquely susceptible to influence by individual differences in mindfulness.
1. Introduction

Childhood maltreatment refers to experiences of abuse within phys-
ical, sexual, or psychological domains, as well as physical or emotional
neglect, and is related to negative psychological and physical health
outcomes across the lifespan (Barnett et al., 1993; Cicchetti, 2016; Cic-
chetti and Toth, 2005). A range of biological mechanisms have been
previously proposed to explain how early adverse experiences such as
childhood maltreatment predict negative health sequelae, and have
focused largely on chronic inflammatory activation as an explanatory
model (Baumeister et al., 2016; Hertzman and Boyce, 2010; Holochwost
et al., 2020). However, the mechanisms by which childhood maltreat-
ment culminates in chronic inflammatory involvement in adulthood
remain incompletely understood. Significant prior work has explored the
possibility that childhood maltreatment may confer vulnerability to
systemic inflammation specifically through suppression of neural
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systems that subserve reward-related processes (Danese and Lewis, 2017;
Dantzer et al., 2008; Mehta et al., 2020; Miller et al., 2009; Nusslock and
Miller, 2016). This broader body of work therefore highlights the pos-
sibility that childhood maltreatment may trigger systemic inflammation
later in life through its connection with affective disorders that involve
anhedonia, or loss of interest or pleasure toward stimuli that were pre-
viously perceived as rewarding (American Psychiatric Association,
2013). Whereas most work exploring connections between anhedonia
and inflammation has focused on depression (Danese et al., 2008), more
recent work has highlighted that social anxiety comprises an anhedonic
component (e.g., Kashdan et al., 2011). Additionally, recent work has
indicated that anhedonia within social anxiety is observed more
frequently amongst adult survivors of childhood maltreatment (e.g.,
Simon et al., 2009). It therefore stands to reason that social anxiety may
be both an affective consequence of childhood maltreatment and also
may mediate the evolution of inflammatory biomarkers due exclusively
all, Blacksburg, VA, 24061, USA.
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to its association with low positive affect (PA) – a central component of
anhedonia (Craske et al., 2016) – among individuals high in social anx-
iety. Accordingly, the purposes of the current study were to (1) probe the
existence of an overall association between social anxiety symptom
severity and concentrations of the circulating proinflammatory cytokine
interleukin (IL)-6 in a population-based sample and (2) to test a theo-
retical model involving high social anxiety and low PA as serially posi-
tioned mediators of the association between childhoodmaltreatment and
elevated IL-6 in adults. We further sought to examine (3) an exploratory
question involving the moderating role of trait mindfulness, which has
been previously linked to suppression of inflammatory biomarkers
including IL-6 (Creswell et al., 2016).

Child maltreatment has been associated with significant mental
health consequences in adulthood, including affective disorders such as
depression and anxiety (Gardner et al., 2019). Anxiety disorders, in turn,
have been strongly and consistently linked to chronic inflammatory
activation in adult samples (Michopoulos et al., 2017; Vogelzangs et al.,
2013). Among the DSM-5 defined anxiety disorders, social anxiety dis-
order (SAD) consistently ranks among the most common anxiety di-
agnoses in both adult (Kessler et al., 2005) and youth samples
(Merikangas et al., 2010). However, despite its prominence within the
broader class of anxiety disorder diagnoses, surprisingly little research
has considered the pathways and mechanisms by which social anxiety
symptomatology might be related to inflammatory involvement. It has
however been previously demonstrated that adults endorsing high levels
of social anxiety symptoms report a significantly higher frequency of
childhood emotional abuse, emotional neglect and sexual victimization
than adults with lower levels of social anxiety symptoms (e.g., Bandelow
et al., 2004; Bruce et al., 2013; Kuo et al., 2011), which therefore bolsters
the idea that this population may be at particular risk for systemic
inflammation. Data from adults with social anxiety reported by Simon
et al. (2009) indicated that nearly 70% of adults with diagnosed SAD
endorsed at least one form of childhood maltreatment on the Childhood
Trauma Questionnaire (CTQ; Berstein and Fink, 1998), and CTQ scores in
this sample were further correlated with overall social anxiety symptom
severity. Nearly identical findings were later reported by Kuo et al.
(2011), who demonstrated significantly higher endorsed frequencies of
childhood maltreatment among adults diagnosed with SAD, results
which have been supported across a range of related studies (e.g., Ban-
delow et al., 2004; Kessler et al., 1997; Taillieu et al., 2016). Taken
together, these findings collectively suggest that childhood maltreatment
may serve as a common linkage for both social anxiety symptomatology
as well as inflammatory activation in adulthood.

Although the specific means by which early adverse experiences lead
to inflammatory involvement in adulthood remains an active area of
inquiry, the presence of a strong association between these scenarios has
been increasingly appreciated. For example, prior work has established
that childhood maltreatment leads to abnormalities in stress-related
neurobiological systems, which in turn is thought to influence both im-
mune and inflammatory activation (Danese et al., 2007, 2008; Danese
and Lewis, 2017). In their seminal work on this topic, Danese et al.
(2007) established that childhood maltreatment acts as a distinct and
potentially unique risk factor for the development of inflammation in
adulthood. This association was further evaluated among depressed
adults, to evaluate whether childhood maltreatment alone could identify
depressed individuals with co-occurring elevated inflammation levels
(Danese et al., 2008). Results from this investigation identified that
childhood maltreatment predicted higher rates of inflammation in in-
dividuals experiencing depression, suggesting that childhood maltreat-
ment is associated with the co-occurrence of depression and
inflammation. In addition to linkages between childhood maltreatment
and inflammation, recent work has further indicated this variation in
stress-related neural systems as a susceptibility factor for the develop-
ment in anhedonia (which comprises a significant deficit in PA) later in
life, largely due to associated reward system suppression (for review, see
Swardfager et al., 2016).
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In considering psychologically relevant paths and mechanisms to-
ward systemic inflammation, increased concentrations of peripheral
circulating cytokines have been previously linked to both increased
negative emotionality as well as reduced positive emotionality (e.g.,
Graham-Engeland et al., 2018; Sturgeon et al., 2016). Evidence further
suggests that lower levels of PA influence inflammatory processes via
mechanisms that may be distinct from high levels of negative affect
([NA]; Fancourt and Steptoe, 2020; Prather et al., 2007; Slavish et al.,
2020; Steptoe et al., 2008). Studies involving non-clinical samples have
previously highlighted the association between variations in PA with
inflammation levels. For example, in samples of young and middle-aged
adults, diminished PA has been linked to lower levels of IL-6 and other
markers of inflammation, but not NA (Ong et al., 2018; Stellar et al.,
2015). Additionally, higher aggregated levels of positive mood,
measured via ecological momentary assessments, have been associated
with reduced levels of inflammatory markers including C-reactive pro-
tein and IL-6 in women, although not in men (Steptoe et al., 2008).
Similarly, individuals reporting a greater frequency of daily positive
events had lower levels of IL-6, with the most pronounced effects in
participants within the lowest quartile of reported positive event fre-
quency (Sin et al., 2015). However, it should be noted that the literature
regarding the association between PA and inflammation is mixed, with
some studies reporting weak and/or null findings in the relation between
PA and circulating IL-6 (e.g., Andreasson et al., 2013; Carroll et al.,
2011). For example, Andreasson et al. (2013) identified that the absence
of PA was weakly associated with IL-6. Moreover, Carroll et al. (2011)
specifically examined changes in PA as they related to the magnitude of
IL-6 responses. Findings from their study suggested that changes in PA
were not related to IL-6 responses. Despite these findings, many other
studies (as noted above) have indeed demonstrated a linkage between PA
and inflammatory activity. However, it should be further emphasized
that there are other studies that find small effects (e.g., Andreasson et al.,
2013), and null findings are also common (e.g., Carroll et al., 2011;
Friedman et al., 2007).

The majority of available literature probing the interface between
affect and inflammation has focused on distress-driven relationships
(e.g., Kiecolt-Glaser et al., 2002) which has reinforced the role of psy-
chological stress in inflammatory activation and the role of negative
affect in levels of circulating cytokines (Steptoe et al., 2007; Marsland
et al., 2017; Sutin et al., 2010). Detailed mechanisms have been char-
acterized within the nuclear transcription factor
kappa-light-chain-enhancer of activated B cells (NF-κB) signaling
pathway, which plays a central role in inflammatory disease through its
ability to induce transcription of proinflammatory genes (Tak and Fire-
stein, 2001). NF-κB is found in virtually every cell of the immune system,
and regulates multiple aspects of innate and adaptive immune responses
by up-regulating transcriptional factors of inflammatory mediators in
different types of immune cells (Liu et al., 2019). In particular, this
pathway is thought to be involved in translating the effects of psycho-
social stress into cellular activation (Bierhaus et al., 2003) by inducing
transcriptional induction of proinflammatory cytokines including but not
limited to IL-1, IL-6, IL-1β and tumor necrosis factor alpha (TNF-α;
Lawrence, 2009). For example, Kuebler et al. (2015) demonstrated that
acute psychological stress induced rapid increases in NF-κB DNA binding
activity (1 to 10 min post stressor), as well as deployed increases in both
mRNA and plasma levels of IL-6 and IL-1β (approximately 120 min post
stressor).

Recently however, a small but growing literature has explored the
possibility that either in addition to or possibly even separate from stress-
related elevations in NA, decreases in positive affect may also be linked to
inflammatory activation (Steptoe et al., 2007a,b; Matthews et al., 2010;
Ong et al., 2018). Slavish et al. (2020) recently found that after con-
trolling for a range of related factors including age, gender and BMI,
higher PA was associated with lower salivary C-reactive protein (CRP;
although not salivary IL-6), among young adults even after controlling for
NA. This is largely consistent with earlier work from Stellar et al. (2015),
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who found that trait positive affect was concurrently associated with
lower levels of IL-6. This is further consistent with experimental work
from Hunt et al. (2021), who demonstrated that trait PA moderates the
associations between sleep disruption and stimulated monocyte pro-
duction of IL-6, independent of negative affect. Likewise, Prather et al.
(2007) reported that individuals higher in PA showed decreased in vitro
production of IL-6 and IL-10 in response to stimulation with endotoxin.
Steptoe, Wardle and Marmot (2005) similarly reported that PA was
significantly associated with lower levels of plasma fibrinogen, an in-
flammatory marker and predictor of future heart disease. In the diag-
nostic realm, Kudinova et al. (2020) recently reported data from adults
with or without a history of recurrent depression (rMDD), and found that
current anhedonia rather than rMDD was associated with
lipopolysaccharide-stimulated levels of inflammatory markers. This
suggests that inflammatory activation may be uniquely associated with
anhedonia rather than recurrent depression more generally. Thus, the
roles of psychological wellbeing and positive emotions are increasingly
recognized in terms of their potential unique influence over inflamma-
tory pathways that are, in turn, related to significant eventual health
outcomes.

In further considering the directionality of pathways observed in this
correlational work (i.e. does inflammation cause suppression of positive
emotions or vice versa?), it has been experimentally demonstrated that
paradigms using exogenously-induced inflammation provide evidence
for a specific directional effect of cytokine elevations, wherein proin-
flammatory cytokines may serve as mediators of environmental and
neurobiological factors that contribute to the development of depression
(Felger and Miller, 2012; Felger and Lotrich, 2013). Significant experi-
mental work in animals (e.g. Rossetti et al., 2016; see also De La Garza
2005) and humans (Eisenberger et al., 2010; Bell et al., 2017) have
supported the existence of a causal relationship between exogenous
up-regulation of circulating proinflammatory markers (typically via
endotoxin; DellaGioia and Hannestad, 2010) and anhedonic symptoms,
whichmay themselves be related to low PA (Janicki-Deverts et al., 2007).
However, a separate (bi-) directional causal effect has been theorized
elsewhere (Kiecolt-Glaser et al., 2015, in which depression may prime
cytokine responses to stressors that do not habituate (Copeland et al.,
2012; Deverts et al., 2010; Duivis et al., 2011; Euesden et al., 2017). The
mechanistic pathways involved in this directional effect remain an
ongoing topic of research, but may involve dopamine (DA)-driven
regulation of the activity, migration, differentiation and proliferation of
immune cells (Beck et al., 2004). Overwhelming evidence suggests that a
primary function of DA in the central nervous system and mesolimbic DA
system in particular is to determine motivational drive (e.g. Bromberg--
Martin, et al., 2010). Anhedonia and low PA are associated with low
motivational drive and lowered synaptic DA availability (e.g. Dunlop and
Nemeroff, 2007; Yadid and Friedman, 2008), and may therefore play a
role up-regulating CNS inflammatory activation. DA receptors are
expressed on immune cells including T and B lymphocytes (Santam-
brogio et al., 1993), dendritic and NK cells, macrophages and neutrophils
among others (Arreola et al., 2016). Thus, in addition to its role as a
neurotransmitter, DA is also a peripheral chemical mediator that controls
systemic inflammation, likely via its indirect influence over cytokine
networks including IL-6 (Beck et al., 2004) and possibly also by inhib-
iting nuclear translocation of the p65 subunit of NF-κB (Yoshioka et al.,
2020). Thus, the influence of positive emotionality on inflammatory
activation may be distinctly regulated by DA which is in turn known to
play a role in motivational drive, although the precise mechanisms by
which this occurs awaits future research. It should also be noted how-
ever, that heightened inflammatory cytokines also reduce the availability
of DA (e.g., Felger, 2016), thus highlighting the potential bidirectional
nature of this mechanism. In the current study however, the motivation
to examine the directional influence of positive emotion on inflammatory
involvement stems from the need to identify modifiable predictors of
negative health sequelae that may be engaged by psychological
3

interventions. Indeed, a central justification for examining this particular
direction in a bi-directional system lies in its potential to instantiate
potentially modifiable targets into a conceptual framework for future
psychologically-based intervention efforts.

The prior work outlined above has identified the potential influence
of low PA in the path to inflammation and offers a theoretical framework
for understanding the social anxiety-inflammation interface, as it is
increasingly accepted that SAD comprises a significant PA deficit (Brown
et al., 1998; Kashdan, 2007; for review see Richey et al., 2019). De-
ficiencies in PA associated specifically with social anxiety are manifested
in a variety of ways. For example, on a daily basis, individuals with
symptoms of social anxiety report fewer positive emotions and positive
events, report less time feeling happy and relaxed, and report less intense
positive emotional experiences (Kashdan and Collins, 2010; Kashdan and
Steger, 2006). As attenuated PA in social anxiety cannot be explained by
depressive symptoms (Kashdan, 2007) and is not characteristic of other
anxiety disorders (Brown et al., 1998), blunted PA stands as a dis-
tinguishing feature of SAD. Therefore, given the correspondence between
social anxiety diminished PA, it follows that elevated levels of circulating
cytokines would be found among individuals endorsing high social
anxiety symptomatology and low PA.

Taken together, the extant literature characterizing the nexus of
childhood maltreatment, anhedonia, inflammation and social anxiety
symptoms collectively suggest that the long-term consequences of early
adversity include significant risk for social anxiety symptoms as well as
exaggerated expression of proinflammatory cytokine responses in
adulthood.Within this line of reasoning, it also follows that social anxiety
symptomatology, is (1) a potential consequence of childhood maltreat-
ment and (2) is linked to low PA, and may therefore play a unique role in
the pathway from childhood maltreatment to inflammation-related
health consequences in adulthood. However, despite the clear theoret-
ical link between childhood maltreatment, social anxiety symptoms and
inflammatory involvement, no study has yet characterized patterns of IL-
6 among adults with social anxiety symptomatology, nor has it been
determined whether this effect may instead be attributable to the pres-
ence of core anhedonic symptoms such as low PA. One notable exception
however, is found in one study examining the link between IL-2 (another
form of proinflammatory cytokine) and social anxiety symptoms, which
supported the existence of a significant association, consistent with our
general series of predictions here (Rapaport and Stein, 1994). However,
with the exception of this one study, no prior work has systematically
examined pathognomonic risk and resilience factors specific to SAD that
may influence its association with inflammation, an area of inquiry with
translational potential for identifying protective factors that may miti-
gate the negative biological sequelae of affective pathology. Lastly, an
emergent body of work has provided initial support for the role of
mindfulness as a mitigating factor in the path from stress to inflammatory
activation (Malarkey et al., 2013; Rosenkranz et al., 2013; Sanada et al.,
2020; Villalba et al., 2019). A conceptually related body of work has
further postulated that anhedonia in particular may be both a conse-
quence of psychological stress, a cause of systemic inflammation (Ros-
setti et al., 2016), and may also be susceptible to the moderating
influence of mindfulness (Sanada et al., 2020; Villalba et al., 2019). In
support of this general model, recent evidence has demonstrated that
increases in neurofunctional markers of reward activation were corre-
lated with decreases in circulating inflammatory markers in a
single-armed mindfulness intervention (Dutcher et al., 2020). As such,
mindfulness may play a plausible role in moderating the association of
anhedonic markers with inflammatory activation, which may hold
promise for the development of interventions aimed at preventing its
negative health sequelae.

Accordingly, the first aim of this investigation was to examine the
robustness of the association between social anxiety symptoms and
concentrations of the circulating proinflammatory marker IL-6. Second,
we sought to test the hypothesis that the association between childhood



Table 1
Demographic breakdown.

Mean SD

Age (n ¼ 527) 52.23 13.43
Sex N Percent
Female 269 51%
Male 258 49%

Racial Origin
White 436 82.7%
African American 40 7.6%
Native American 11 2.1%
Asian 5 0.9%
Other 31 5.9%
Don't know 2 0.4%
No response 2 0.4%

Wage
Less than $0 – 13,999 180 34.2%
$14,000 – $24,999 41 7.8%
$25,000 – $34,999 43 8.2%
$35,000 – $49,999 48 9.1%
$50,000 – $69,999 70 13.3%
$70,000 – $89,999 39 7.4%
$90,000 – $129,999 39 7.4%
$130,000 – $174,999 18 3.4%
$175,000 – $249,999 7 1.3%
$300,000 or more 2 0.4%
No response 40 7.6%

Table 2
Descriptive statistics for all variables of interest.

Mean SD

IL-6 .28 .35
Childhood Maltreatment 38.08 13.70
Social Anxiety 1.87 .54
Positive Affect 3.37 .74
Negative Affect 1.52 .65
Mindfulness 33.16 7.71
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maltreatment and IL-6 may be mediated by social anxiety and features of
anhedonia, particularly low PA. We specifically hypothesized that low
PA, which has been established through prior work as a significant pre-
dictor of inflammation (e.g., Ong, et al., 2018; Stellar et al., 2015), as well
as a specific consequence of social anxiety symptoms (Kashdan, 2007;
Richey et al., 2019), would therefore mediate the direct effect of social
anxiety on IL-6. We further anticipated that childhood maltreatment,
which is among the most robust predictors of both social anxiety symp-
tomatology (Kuo et al., 2011; Simon et al., 2009) and chronic inflam-
mation in adulthood (Baumeister et al., 2016), would influence IL-6
levels albeit indirectly via social anxiety and low PA.

In addition, trait mindfulness has also emerged as a variable of
particular interest in this line of inquiry, as prior research has consis-
tently indicated that inflammatory markers are engaged and perhaps
directly modulated by intra-individual differences in mindful awareness
(e.g., Ng et al., 2020; Rosenkranz et al., 2013). Additionally, recently trait
mindfulness has been identified as a potential buffer to the adverse
consequences of childhood maltreatment (e.g., Beshai & Parmar, 2019).
Moreover, trait mindfulness has shown negative associations with both
high social anxiety (e.g., Makadi and Koszycki, 2020) as well as with
self-reports of low PA (Jislin-Goldberg et al., 2012). Therefore, given
these distinct associations the present study also explored the possibility
that trait mindfulness moderates the associations among childhood
maltreatment, social anxiety, PA and IL-6.

2. Method

2.1. Data

We used publicly available data from the Midlife In the United States
(MIDUS) project, a national multi-site longitudinal study of health and
well-being (https://midus.wisc.edu; Radler, 2014). Data reported here
were drawn from a subset of the first follow-up on the original sample
(MIDUS-2 - Biomarkers Project), which was collected between 2004 and
2009. Of the individuals who participated in the MIDUS-2 Biomarkers
study, 1054 had complete data from the main survey session as well. Of
these 1054 participants, 728 (Female ¼ 361, Male ¼ 367) had complete
data for all dependent and independent measures of interest. Participants
in this subsample were between the ages of 26 and 78 years
(MAge ¼ 53.53; SD ¼ 13.68). On average, data for the biomarker session
were collected 25.85 months after the survey session (SEM Lag¼ .460
months). The MIDUS-2 survey (collected between 2004 and 2006) used
the same comprehensive assessments (e.g., cognitive assessments; daily
stress diaries) as those in the original longitudinal MIDUS sample with
additional economic questions included (e.g., questions relevant to SES).
Cognitive and socioemotional questionnaires were administered and
then biomarker and neuroscience assessments were also gathered on a
subsample of the MIDUS-2 respondents. This was done in order to
facilitate work probing biological influences on behavioral outcomes and
vice versa as described in the MIDUS-2 Biomarkers Project (such as IL-6,
in the current study). In addition to requiring complete data on all
dependent and independent measures of interest, we further eliminated
cases who did not have complete data on all covariates of interest (e.g.
SSRI use, BMI as described in detail further below) within the combined
datasets. This subset of respondents (N ¼ 527) was comparable to the
initial sample on sociodemographic factors (age, gender, marital status,
and education). Participants in this final subsample were between the
ages of 26 and 78 (MAge ¼ 53.23; SD ¼ 13.43). Of the 527 participants
that had complete data for the present study, 82.7% identified as
White/Caucasian, 7.6% identified as Black/African American, 2.1%
identified as Native American or Alaska Native/Aleutian Islander/-
Eskimo, 0.9% identified as Asian, and 5.9% identified as Other. Addi-
tionally, 0.8% of the sample reported either “don't know” or opted to not
answer how they racially identified. Table 1 contains additional de-
mographic information on the final sample.
4

2.2. Covariates and exclusionary criteria

Exclusionary criteria and relevant covariates were based on the clear
guidelines provided by O’Connor et al. (2009) regarding the effects of
biobehavioral variables on circulating proinflammatory markers, further
detailed as follows. Specifically, we included the following as covariates
in all of the reported models: 1) Sex, 2) age at clinic visit, 3) waist-to-hip
ratio, 4) highest level of education completed, 5) current SSRI use
[yes/no], 6) current antihypertensive use [yes/no], 7) current regular
exercise or activity of any type for 20 min or more at least 3 times per
week. [yes/no]. In addition, we excluded cases who answered yes to any
of the following criteria: 1) personal history of cancer [yes/no], 2) per-
sonal history of chemotherapy [yes/no], 3) current insomnia or sleep
disorder [yes/no], 4) personal lifetime history of drug or alcohol problem
[yes/no], 5) personal history of diabetes [yes/no]. It should lastly be
noted that we were not able to covary or exclude cases endorsing tobacco
use due to excessive missing data on this variable in the MIDUS database,
such that >50% of cases lacked information about current tobacco use.

2.3. Measures

Descriptive statistics for all measures involved in the present study are
displayed in Table 2.

2.4. Primary self-report measures

Childhood Trauma Questionnaire (CTQ; Berstein and Fink, 1998).
Participants completed the CTQ, a 28-item questionnaire that retro-
spectively assesses childhood maltreatment experiences. This measure

https://midus.wisc.edu
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includes five factors: emotional abuse, physical abuse, sexual abuse,
emotional neglect, and physical neglect. Participants rated how often
they experienced each item when they were a child and/or a teenager on
a Likert scale, ranging from 1 (“Never True”) to 5 (“Very Often True”).
We used the total sum of items across all five subscales to assess for the
general presence of childhood maltreatment. Cronbach's alpha for this
scale was acceptable across subscales in the MIDUS-R sample (total scale
α ¼ .902; emotional abuse α ¼ .860; physical abuse α ¼ .800; sexual
abuse α ¼ .946, emotional neglect α ¼ .897, physical neglect α ¼ .678).

Social Anxiety Scale (SAS; Fresco et al., 2001). The SAS is a 9-item
questionnaire that assesses severity of social anxiety symptoms. Partici-
pants were asked to rate how much fear or anxiety they generally feel
across various social situations (e.g., “talking with people you don't know
very well”) on a 4-point Likert scale, ranging from 1 (“None”) to 4
(“Severe”). We computed the final scale score using the standardized
procedure of computing the mean across all scale items. Higher scores on
this scale are indicative of greater social anxiety symptom severity. This
scale showed good internal consistency across the MIDUS-R subsample
(Cronbach's α ¼ .852).

Positive and Negative Affect Schedule (PANAS;Watson et al., 1988). The
PANAS is a 20-item questionnaire that assesses current positive and
negative affect. These 20 items consist of 10 adjectives that describe
positive feelings/emotions and 10 adjectives that describe negative
feelings/emotions. Participants were asked to rate the extent to which
each word describes how they are currently feeling using a 5-point Likert
scale, ranging from 1 (“Very slightly or not at all) to 5 (“Extremely”).
Higher scores on the scales are indicative of high positive or negative
affect. Cronbach's alpha for this questionnaire was good (positive affect
scale: α ¼ .863; negative affect scale α ¼ .829).

Trait Mindfulness (Langer and Moldoveanu, 2000). A 9-item
self-administered questionnaire assessing different questions related to
the construct of mindfulness was used to calculate level of mindfulness.
Participants were asked to respond to questions on a 5-point Likert-type
scale ranging from “strongly agree” to “strongly disagree”. The total score
for this scale was calculated as a sum of all items, and all items were
reverse coded such that higher scores indicate a higher amount of
mindfulness. Internal consistency for the scale was good (Cronbach's α ¼
.957).

2.5. Inflammatory markers

Following a 12-h fasting period, blood samples were collected from
each participant using standardized procedure. Levels of IL-6 were
analyzed and quantified per participant through standard ELISA meth-
odology. Both Kolmogorov-Smirnov and Shapiro-Wilk tests of normality
suggested significant deviations from the normal distribution for all
markers (all positively skewed; all ps < .001). Qualitative inspection of
normal and detrended Q-Q plots and stem-and-leaf plots provided evi-
dence for considerable positive skew for IL-6, which were thus natural
log transformed, consistent with common practice. Post-transformation,
plots were visually inspected to ensure normal distribution.

2.6. Statistical approach

All relevant variables of interest were first correlated, and then tests
of mediation were conducted using Hayes’s (2012) PROCESS macro for
SPSS. Various measures of effect size are available for direct, indirect and
total effects, along with bootstrapped confidence intervals for effect size
inference within PROCESS. PROCESS is computationally distinct from
structural equation modeling (SEM) frameworks, although prior work
has demonstrated that SEM will produce generally identical results to
those produced by PROCESS (Hayes et al., 2017), particularly when all
variables are observed and not latent, as is the case here. In order to test
hypotheses related to associations between social anxiety symptomology
and IL-6, as well as the influence of risk factors such as childhood
maltreatment, PA and NA on this association, we implemented a serial
5

mediation model (PROCESS model 6; Fig. 2) with PA and high social
anxiety as potential mediators in the relationship between childhood
maltreatment and IL-6 (PROCESS model 6). We also evaluated a more
stringent model controlling for NA, in order to examine hypothesized
patterns among theoretically relevant variables while accounting for NA
as a covariate over all paths. Similarly, an additional serial mediation
model was run, substituting NA instead of PA to assess differential
mediational effects (i.e. substituting NA for PA as the second serially
positionedmediator, using the same structural model). We also evaluated
the influence of PA as a covariate over our primary hypothesized model.
Additionally, in order to test hypotheses regarding the role of mindful-
ness as a potential moderator in the relationship between childhood
maltreatment, social anxiety, low PA and IL-6 we ran an exploratory
model (moderated mediation or conditional indirect effects) exploring
the potential moderating effect of mindfulness on all paths in the model
simultaneously (PROCESS model 92; Fig. 3). As above, an additional
moderated-mediation model was run for with NA instead of PA to probe
differential effects.

3. Results

3.1. Overview of analytic strategy

Pearson correlations were computed among measures of interest to
establish initial associations among theoretically relevant variables (re-
sults shown in Table 3). Next, associations between social anxiety
symptoms and log-transformed IL-6 were examined through linear
regression analyses. The full model evaluated serial mediation with PA
and social anxiety as potential mediators in the association between
childhood maltreatment and IL-6 (PROCESS model 6). An additional
serial mediation model was run for with NA instead of PA to determine
differential effects (PROCESS model 6). To probe the third aim of this
study, we implemented a moderated-mediation model (probing moder-
ation simultaneously over all mediated paths) to explore the potential
role of mindfulness as a moderator of the relationship between childhood
maltreatment, IL-6, social anxiety and PA (PROCESS model 92). Specif-
ically, this moderated-mediation approach will demonstrate if there is an
interaction effect of mindfulness over one of the mediated paths in the
relation between variables of interest. To probe comparative effects
related to NA, we implemented an identical additional moderated-
mediation model, with the sole exception of substituting NA for PA as
the second serially positioned hypothesized mediator, in order to estab-
lish differential effects of NA versus PA in the proposed models.

3.2. Correlations

As expected, and consistent with prior work, correlational results
revealed positive associations between IL-6 and childhood maltreatment
(r ¼ .12, p < .01), social anxiety and childhood maltreatment (r ¼ .15,
p< .001), IL-6 and NA (r¼ .10, p< .05), childhoodmaltreatment and NA
(r ¼ .23, p < .001), social anxiety and NA (r ¼ .30, p < .001), and PA and
trait mindfulness (r ¼ .13, p � .001). Additionally, negative correlations
were observed for PA with IL-6, childhood maltreatment, and social
anxiety (r ¼ -.09, p < .05; r ¼ -.25, p < .001; r ¼ -.27, p < .001,
respectively) as well as NA and PA (r ¼ -.63, p < .001). Surprisingly
however, the social anxiety scale measure demonstrated no significant
relationship with IL-6 in the total sample (r¼ -.07, p> .05). We therefore
followed up with a series of exploratory analyses, which first probed the
possibility of a non-linear relationship between these two variables.
Accordingly, we first probed the quadratic term in a GLM framework,
which supported the existence of a nonlinear relationship (linear model
results β ¼ -.02, p ¼ .212; quadratic model results β1 ¼ -.04, β2 ¼ .05,
p < .01; see Fig. 1) between social anxiety and IL-6, such that the upper
quartile of social anxiety symptom severity was significantly correlated
with IL-6 (r ¼ .24, p < .05), whereas the lower quartile was not (r ¼ -.06,
p ¼ .59). Further, although no linear effect of social anxiety symptoms of



Table 3
Correlations between all variables of interest and covariates.

1 2 3 4 5 6 7 8 9 10 11 12 13

1. IL-6 –

2. Childhood Maltreatment .12** –

3. Social Anxiety -.07 .15*** –

4. Positive Affect -.09* -.25*** -.27*** –

5. Negative Affect .10* .23*** .30*** -.63*** –

6. Mindfulness .01 .01 .07 .13*** .01 –

7. Sex* -.03 -.14** .08* .04 .01 .20** –

8. Age* .42** -.04 -.20** .13** -.18** -.02 -.09* –

9. Waist-Hip Ratio* .31** -.04 -.09* -.04 -.01 -.13** -.63** .29** –

10. Education Level* -.17** -.16** -.06 .07 -.16** -.07 -.03 .01 -.11** –

11. SSRI Status* -.06 -.07 -.08* .15** -.12** -.02 -.08* .01 .01 -.01 –

12. Antihypertensive Status* -.35** .01 .13** -.01 .02 .02 .09* -.43** -.31** .04 -.03 –

13. Exercise* .14 .02 .04 -.08* .07 -.03 -.00 -.01 .13** -.16** -.07 -.00 –

Note: (*) following measure name indicates covariate; ***Correlation is significant at the p < .001 level; **Correlation is significant at the p < .01 level; *Correlation is
significant at the p < .05 level.

Fig. 1. Demonstration of non-linear relationship between IL-6 and social anxiety.
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IL-6 was observed in the total sample (F (1, 319)¼ 1.563, p¼ .212), cases
falling in the upper (but not lower) quartile of social anxiety symptoms
demonstrated significantly elevated concentrations of IL-6 (upper quar-
tile: β ¼ .28, p < .05; lower quartile: β ¼ -.18, p ¼ .593), which is
consistent with the nonlinear effect observed in the total sample.

3.3. Mediation models

Our principal hypothesized model evaluated mediation of childhood
maltreatment on IL-6, by social anxiety symptoms and PA as potential
serially positioned mediators (PROCESS model 6) with NA as a control
variable. Results of this comparatively more stringent model suggested
that the direct effect of childhood maltreatment on IL-6 was not signifi-
cant (b ¼ .001, p ¼ .21). Within this approach, childhood maltreatment
was not significantly associated with social anxiety (b ¼ .020, p ¼ .25)
but was significantly related to PA b ¼ -.007, p < .001). In light of the
diminished direct effect of childhood maltreatment on IL-6 in contra-
diction to prior work (e.g., Kiecolt-Glaser et al., 2011), it is possible that
this pattern of results may be due to the strong (anti) correlation between
PA and NA (-0.63 in our data), such that comparatively sparse variance
remained to drive the hypothesized associations. We therefore
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considered a separate model presented here, that does not control for NA
(see Fig. 2). Results from this model indicated that childhood maltreat-
ment was significantly and concurrently associated with both high social
anxiety and low PA (b ¼ .005, p < .01; b ¼ -.013, p < .001, respectively).
The direct effect of childhood maltreatment on IL-6 was initially signif-
icant, prior to considering potential indirect or mediating effects (b ¼
.002, p < .05); however, consistent with the existence of full mediation,
the direct effect of childhood maltreatment on IL-6 was no longer sig-
nificant after accounting for the presence of the hypothesized mediators
(b ¼ .002, p ¼ .14). Further consistent with the presence of serial
mediation, childhood maltreatment predicted social anxiety (b ¼ .005,
p < .01), social anxiety next predicted PA (b ¼ -.338, p < .001), and PA
lastly predicted IL-6 (b ¼ -.058, p < .01) in the mediational model. No
partial indirect effects were observed (i.e. single mediation of CTQ on
IL-6 by social anxiety only or PA only). Thus, results from this model
provided evidence for full serial mediation of the effect of child
maltreatment on IL- 6 by social anxiety symptoms and low PA.

To probe the possible differential role of NA in the model structure
described above, an additional serial mediation model was run
substituting NA for PA as the second serially positioned mediator
(PROCESS model 6). As was the case with the initial stringent model



Fig. 2. Serial mediation model (PROCESS model 6; MIDUS-2). CM ¼ childhood maltreatment; SA ¼ social anxiety; PA ¼ positive affect. Note: **Significant at the
p < .001 level; * Significant at the p < .01 level.
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(covarying NA over the total model), we conversely considered the in-
fluence of covarying PA over the total relationships, which examined the
mediational status of NA in the indirect pathway from childhood
maltreatment, to elevated IL-6. Results from this model indicated that
childhood maltreatment was not significantly associated with social
anxiety (b ¼ .020, p ¼ .25) but was significantly related to NA b ¼ .003,
p< .05), when controlling for PA. As was the case in the model covarying
NA over the indirect path including PA, the direct effect of childhood
maltreatment on IL-6 was not significant (b ¼ .001, p ¼ .21) when
including PA over the indirect path including NA. As before, it is possible
that this result is likely due to the strong (anti) correlation between PA
and NA, thus leaving comparatively sparse variance available to drive the
predicted associations. Results from this model indicated that childhood
maltreatment was significantly and concurrently associated with both
social anxiety symptoms and NA (b ¼ .005, p < .01; b ¼ .010, p < .001,
respectively). The total effect of childhood maltreatment on IL-6 was
significant (b ¼ .002, p < .05), and consistent with the presence of
mediation, the direct effect was no longer significant after accounting for
the presence of the indirect effect (b ¼ .002, p ¼ .14). Scrutinizing in-
dividual paths in the model revealed that childhood maltreatment was
significantly associated with social anxiety (b ¼ .005, p < .01), social
anxiety next was significantly associated NA (b ¼ .326, p < .01), and NA
was lastly associated with IL-6 (b ¼ .081, p < .01); however when
considering the details of observed indirect effects, the full serial medi-
ation effect (passing through both social anxiety and NA) was not sig-
nificant (BootLLCI ¼ .0000, BootULCI ¼ .0104, containing zero);
whereas the second mediated path (passing through only NA and
bypassing social anxiety) was significant (BootLLCI ¼ .0081, BootULCI¼
.0591), suggestive of single or non-serial mediation in which the effect of
child maltreatment on IL-6 bypasses social anxiety to indirectly impact
IL-6 via NA.
3.4. Conditional direct and indirect effects of trait mindfulness

To further characterize the association between child maltreatment
and IL-6, we examined the potential moderational status of trait mind-
fulness on the observed direct and indirect effects (moderated-mediation
or conditional indirect and direct effect; PROCESS model 92). As before,
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results from this analysis indicated that childhood maltreatment was
significantly associated with both social anxiety and PA (b ¼ .005,
p < .01; b ¼ -.014, p < .001, respectively), and that social anxiety next
predicted PA (b ¼ -.350, p < .001). Once again, consistent with the ex-
istence of full serial mediation, childhood maltreatment was not signif-
icantly associated with IL-6 after accounting for the presence of an
indirect effect (b ¼ .001, p ¼ .39), and PA predicted IL-6 (b ¼ -.061,
p < .01). However, in this exploratory model which probed the potential
moderating effect of mindfulness simultaneously on all possible paths,
we found evidence indicating that trait mindfulness moderated two paths
in the model, specifically moderating the relationship between PA and IL-
6 (b ¼ -.005, p < .05) and the relationship between childhood
maltreatment and PA (b ¼ .001, p < .05). This suggests that individual
differences in trait mindfulness influenced the association between PA
and circulating IL-6 as well as the association between PA and childhood
maltreatment. We further examined comparative effects of NA; this
model was run again, substituting NA instead of PA. Consistent with
model 6 (serial mediation), results again indicated that childhood
maltreatment was significantly associated with both social anxiety and
NA (b ¼ .005, p � .01; b ¼ .011, p < .001, respectively), and that social
anxiety further predicted NA (b ¼ .335, p < .001). Childhood maltreat-
ment was not significantly associated with IL-6 (b ¼ .001, p ¼ .33), and
NA predicted IL-6 (b ¼ .095, p < .001). However, when examining the
influence of trait mindfulness on all observed paths, we found no evi-
dence of moderational effects of trait mindfulness on any path in the
model, suggesting that trait mindfulness may suppress IL-6 levels but
exclusively through its influence on positive but not NA.

4. Discussion

The current study examined associations among childhood
maltreatment, concentrations of IL-6, social anxiety, and PA. Specifically,
the current investigation tested the overall hypothesis that childhood
maltreatment would be associated with IL-6 levels albeit indirectly and
serially via social anxiety symptoms and low PA. Lastly, in exploratory
analyses we examined the potential role of trait mindfulness as a
moderator among the relations between childhood maltreatment, social
anxiety, PA and IL-6. In total, results provided novel evidence for full



Fig. 3. Moderated-mediation (conditional direct and indirect effect) model (PROCESS model 92; MIDUS-R). CM ¼ childhood maltreatment; SA ¼ social anxiety;
PA ¼ positive affect. Note: ***Significant at the p < .001 level; ** Significant at the p < .01 level; * Significant at the p < .05 level.

C.N. Carlton et al. Brain, Behavior, & Immunity - Health 18 (2021) 100366
serial mediation of the association between childhood maltreatment and
IL-6 by social anxiety severity and low PA and furthermore, when
probing the same model utilizing NA instead of PA, results indicated that
the association between childhood maltreatment and IL-6 was mediated
by NA, completely bypassing social anxiety. Lastly, results of exploratory
analyses also indicated that the relation between PA and IL-6 is moder-
ated by trait mindfulness, however this association was not found in the
path from NA to IL-6, suggesting that the relationship between PA and IL-
6 is potentially influenced by individual differences in trait mindfulness.

The current study advances the literature on the linkage between
childhood maltreatment and adult health by identifying essential and
potentially modifiable mechanisms that mediate and moderate the as-
sociation between childhood maltreatment and inflammation in adult-
hood. Childhood maltreatment has been associated with a range of
adverse health consequences in adulthood, as early experiences of abuse
and neglect may become biologically relevant through their impact on
systems that regulate metabolic function (see Hertzman and Boyce, 2010;
Holochwost et al., 2020 for reviews). The identification of mediational
factors such as those found here, imply that addressing social anxiety and
also its negative sequelae such as low PA may ultimately impact
inflammation in the context of childhood maltreatment. Specifically,
inflammation and its own negative health consequences may be favor-
ably impacted by directly engaging social anxiety among individuals
endorsing high levels of early adversity as part of an understudied but
evidently meaningful risk-chain, although future longitudinal research is
necessary to replicate and confirm these pathways. Additionally, this
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study reinforces prior work on maltreatment and adult psychopathology
by illustrating that overall childhood maltreatment experiences are
associated with social anxiety symptoms. Similarly, our results reinforce
prior findings on early adversity by showing that self-reported childhood
maltreatment is also associated with proinflammatory biomarkers (e.g.,
Osborn and Widom, 2020).

Although literature exploring the nexus of social anxiety and
inflammation is sparse, there is growing evidence to suggest that
inflammation may be plausibly associated with social anxiety symptoms.
Results within this literature are mixed however, with some studies
reporting a demonstrable link between SAD and inflammation (e.g.,
Rapaport and Stein, 1994), in-line with findings reported here, whereas
at least one study has not found such an effect (Vogelzangs et al., 2013).
One potential explanation for this lack of identified association between
social anxiety and inflammatory biomarkers reported by Vogelzangs
et al. (2013) may in fact be due to the a priori assumption of linear effects,
which, when applied to the data reported here, revealed a counterintu-
itive lack of association between social anxiety and IL-6. Consistent with
results reported in Vogelzangs et al. (2013), we indeed found no linear
association in the relation between social anxiety symptoms and IL-6 in
the total sample (F (1, 319)¼ 1.563, p¼ .212). However, further scrutiny
of this relationship revealed evidence for a quadratic and not linear as-
sociation between these variables. Further, consistent with the presence
of a curvilinear association, we illustrated here that cases falling in the
upper but not lower quartiles of social anxiety symptoms demonstrated
the predicted significant linear relation between social anxiety symptoms
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and elevated concentrations of IL-6 (upper quartile: β ¼ .28, p < .05;
lower quartile: β¼ -.18, p¼ .593). The presence of this quadratic relation
may be due to the specific association of higher severity social anxiety
resulting in increased IL-6 elevations, whereas this is may not be the case
in milder symptom levels.

A significant body of research has supported the existence of rela-
tively specific associations between low PA and social anxiety symptoms
(Kashdan, 2007; Richey et al., 2017), and our findings extend this liter-
ature by highlighting the importance of social anxiety symptoms and low
PA when examining childhood maltreatment and inflammation associa-
tions. Low levels of PA also are associated with some other forms of
psychopathology such as depression, avoidant personality disorder
(which overlaps closely with SAD; Carmichael et al., 2016), schizoid
personality disorder (which includes anhedonia as a criterion), and
negative symptoms of schizophrenia spectrum disorders (e.g., dimin-
ished emotional expression; Watson and Naragon-Gainey, 2014).
Consequently, a profitable line of future inquiry involves the identifica-
tion of meaningful linkages to other forms of psychopathology that
follow from childhood maltreatment, particularly those that involve low
PA. This is especially timely, given the National Institute of Mental
Health's emphasis on characterizing how PA-related mechanisms and
positively-valenced motivational states (e.g., reward responsivity,
reward valuation) are implicated in the onset and maintenance of many
symptom types via its Research Domain Criteria (RDoC) Initiative
(Cuthbert, 2015). Similarly, from the perspective of the Hierarchical
Taxonomy of Psychopathology (Kotov et al., 2017), there has been in-
terest in linking broad psychopathology spectra such as internalizing
(e.g., worry about judgment) and detachment (e.g., social withdrawal
and aloofness) defined by features relevant to DSM-based conceptuali-
zations of SAD to RDoC mechanisms (Perkins et al., 2020). The results
from this study contribute to the growing identification of the extent to
which associations observed may be specific to social anxiety symp-
tomatology versus more transdiagnostic in nature, such that this present
study identifies specific pathways through which social anxiety is influ-
enced. Although SAD overlaps with other disorders characterized by low
PA levels to varying degrees, prior meta-analytic research from Kashdan
(2007; total n¼ 2976) examining the relationship between PA and social
anxiety symptoms across 19 studies still indicates a strong association for
these constructs even after controlling for depressive symptoms and
disorders. Although that particular meta-analytic approach was not
focused on childhood maltreatment and inflammation, those aggregated
results nevertheless highlight a noteworthy instance of specificity be-
tween social anxiety symptoms and low PA, above and beyond the
symptoms of overlapping forms of psychopathology such as depression.
Thus, social anxiety symptoms may indeed play an important role when
examining associations between childhood maltreatment and inflam-
mation even when accounting for other forms of affective
psychopathology.

An additional incremental contribution of the work outlined here is
the identification of trait mindfulness as a remarkably specific moderator
of the relationship between low PA and IL-6 and the relationship between
childhood maltreatment and PA. Interest in mindfulness meditation as a
method to reduce inflammation and improve physical health has grown
substantially in recent years (Black and Slavich, 2016), motivated by
seminal findings demonstrating the stress buffering effects of mindful-
ness training on neurogenic inflammation and the genetic mechanisms
that subserve these processes (Buric et al., 2017). Various training pro-
grams have emerged in recent decades, most notably the
Mindfulness-Based Stress Reduction (MBSR; Kabat-Zinn, 2003) protocol,
among others such as Mindfulness-Based Cognitive therapy (Segal et al.,
2018), which have been shown to reduce pro-inflammatory cytokines,
such as IL-6, to reduce inflammation (e.g., Gallegos et al., 2015; Len-
gacher et al., 2019). Therefore, the present study provides an evidentiary
basis for future work examining trait mindfulness as an intervention
target for modulating inflammation among individuals with a history of
low PA, and perhaps particularly so for individuals reporting a history of
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early adversity and/or social anxiety. Although, because this analysis was
exploratory in nature here, these results should be both interpreted with
caution and also further examined in a hypothesis testing framework in
future research.

As with any study, results presented here should be evaluated in light
of study limitations. First, childhood maltreatment experiences were
assessed in the MIDUS-2 Biomarkers Project using retrospective self-
report and did not contain information about objectively rated experi-
ences of abuse and neglect. However, self-report perceptions are a critical
dimension of childhood maltreatment, and it has been demonstrated
elsewhere that subjective self-reported childhood maltreatment relates
more strongly to psychopathology than objective reports (Osborn and
Widom, 2020). Nonetheless, it will be critical for future research to
replicate findings reported here, using other measurement approaches
and to consider a broader range of childhood maltreatment dimensions
(such as chronicity, timing, distinct subtypes, etc.). Moreover, there has
been debate in the field as to the application of mediational approaches
in cross-sectional data (e.g., Maxwell and Cole, 2007), which lends the
cross-sectional nature of the present data as a potential limitation. Thus,
replication within longitudinal designs is critical before designing
intervention strategies around the current results. Additionally, future
longitudinal research should take a transdiagnostic perspective to
consider mechanisms that may explain why childhood maltreatment is
associated with social anxiety and other types of internalizing and
externalizing psychopathology. Further, no specific timeline was pro-
vided for the elapsed time between PA and inflammation. Given that
timing matters between this association (Graham-Engeland et al., 2018)
future work should include clear timelines that collect momentary affect
measures proximal to blood draw. An additional limitation that should be
noted here is the exclusive reliance on a single marker of inflammatory
activation, namely IL-6. Much of the rationale for focusing on a sole
cytokine stems from the nascent nature of this work, which has not yet
proliferated into mechanisms-focused explanations for the role of PA at
the cellular and molecular levels (thus enabling strong hypotheses about
specific roles for multifunctional cytokines). Future work may eventually
have the benefit of detailed rationales for probing a multiplex or mani-
fold approaches. However, we elected here to take a narrowly defined
approach, partially based on the results of prior meta analysis which have
supported the notion that pro-inflammatory cytokines such as TNF-alpha
and IL-6 are concurrently increased in serum of depressed patients
(Dowlati et al., 2010). Also, we pursued this approach based on an
assumption that a focus on IL-6 will facilitate future comparisons of the
work presented here with prior work that has, in general, tended to focus
on IL-6 as a principal mediator of general systemic inflammatory acti-
vation, immunity and disease (Xing, 1998; Tanaka et al., 2014). In light
of this limitation, we explicitly suggest further hypothesis-driven work
examining other markers of inflammatory activation in MIDUS and
beyond. An additional limitation worthy of additional work lies in our
finding that controlling for either PA/NA, mediation over indirect pats
including NA/PA (respectively) were no longer significant. This is likely
due to the strong (anti) correlation between PA and NA; however, this
should be noted as a limitation to the present study and investigated
further in future work. Lastly, we did not predict a nonlinear effect be-
tween social anxiety and IL-6; however, since a direct effect is not
required for serially positioned mediational variables onto their respec-
tive dependent variable, we continued to investigate the relation be-
tween childhood maltreatment and IL-6 as mediated by social anxiety
and PA. Therefore, future work should probe this nonlinear association
for its implications for treatment.

5. Conclusion

The present study demonstrated that the association between child-
hood maltreatment and IL-6 is serially mediated by social anxiety levels
and low PA, but not NA. Additionally, results indicated that the relation
between IL-6 and PA (but not NA) is moderated by trait mindfulness.
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Taken together, results of the current study identify potentially modifi-
able mechanisms that mediate and moderate the association between
childhood maltreatment and inflammation in adulthood, suggesting that
intervening to reduce social anxiety and improve PA has the potential to
mitigate the long-term effects of childhood maltreatment on inflamma-
tion in adulthood. Moreover, results from the present study indicate that
improvement in PA via improvements in mindfulness may be a particu-
larly fruitful target for intervention.
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