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Abstract

There is evidence that anxiety precedes the onset of depression and that rumination contributes to
this risk pathway in adolescence. This study examined inflammatory biomarkers as mediators in a
risk model of depressive symptoms secondary to anxiety symptoms among adolescents who
ruminate. A sample of 140 adolescents (52% female, 54% African American, 40% Caucasian, 6%
biracial, mean age at T1 = 16.5 years, SD = 1.2 years) provided blood samples on two visits (T1
and T2; mean time between T1 and T2 = 13.5 months, SD = 5.9 months). Self-report anxiety,
depression, and rumination measures were given at T1 and the depression measure was given
again at a third visit (T3, mean months since T1 = 26.0 months, SD = 9.0 months). Higher anxiety
predicted more interleukin-6, but not more C-reactive protein, for adolescents with high levels of
rumination. Moderated mediation analyses (N for analysis after removing cases with missing data
and outliers = 86) indicated that interleukin-6, but not C-reactive protein, at T2 mediated the
relationship between anxiety symptoms at T1 and depressive symptoms at T3, conditional on
rumination. Anxiety and rumination interacted such that, as rumination increased, anxiety
predicted greater inflammation and depressive symptoms. These results demonstrate that
established cognitive vulnerabilities for the development of depressive symptoms secondary to
anxiety symptoms in adolescence might indirectly operate though biological mechanisms such as
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inflammation. In addition to highlighting risk factors and potential treatment targets for
depression, this study suggests a potential biological mechanism underlying the effects of
psychotherapies that reduce rumination on negative affect (e.g., cognitive behavioral therapy).

Introduction

Adolescence is a vulnerable period for the emergence of both anxious and depressive
symptoms (Cummings, Caporino, & Kendall, 2014). For some adolescents, these symptoms
progress to clinical diagnoses (van Lang et al., 2007; Letcher et al., 2017). In fact, roughly
25% and 8% of adolescents experience an anxiety or unipolar depressive disorder,
respectively, in a 12-month period (Kessler et al., 2012). Symptoms of both anxiety and
depression are associated with significant functional impairment and increased suicide risk
in adolescents (Balazs et al., 2013). Moreover, the co-occurrence of anxiety and depression
in adolescence is associated with greater symptom severity, lower global functioning, and
impaired social functioning (Garber & Weersing, 2010).

Importantly, anxiety symptoms have been found to increase risk for the development of later
depressive symptoms in adolescence (Cummings et al., 2014; Starr, Stroud, & Li, 2016). As
50% of individuals who experience a first depressive episode develop a second, and 80% of
those who experience a second experience subsequent episodes (Burcusa & lacono, 2007), it
is imperative to identify the mechanisms underlying the pathway to depressive symptoms in
adolescence to identify and intervene with youth at risk for this developmental trajectory.
Indeed, identifying risk factors and mediating mechanisms for developing depressive
symptoms in adolescence will allow for targeted preemptive efforts to interrupt risk
pathways and decrease the disease burden of depression across the life course (Thapar et al.,
2012). The current study utilizes Cohen and colleagues’ model of depression in adolescence
(Cohen, Young, Gibb, Hankin, & Abela, 2014), in which anxiety interacts with cognitive
vulnerabilities to predict subsequent depressive symptoms, and extends this model to include
inflammatory activity as a biological mediator of the relationship between anxiety and
depressive symptoms. This expanded model is described as an “immunocognitive” model of
depression secondary to anxiety inasmuch as it includes both immune and cognitive
processes in explaining the pathway from anxiety to depressive symptoms.

Anxiety/Depression Co-occurrence

Depression frequently develops secondary to the initial appearance of anxiety in adolescence
(Bittner et al., 2004; Starr et al., 2016). Although this is the most frequent direction of
transition between these two psychopathologies, it is worth noting that depressive symptoms
can precede anxiety symptoms (Hamilton et al., 2016) or the two disorders may have
simultaneous onset (Moffitt et al., 2007). Some researchers have postulated that anxiety is a
risk factor for later depression (Cohen et al., 2014; Horn & Wuyek, 2010), whereas others
view this relationship as indicative of heterotypic continuity, in which depression is a later
behavioral expression of the same underlying processes manifested previously as anxiety
(e.g., Costello, Mustillo, Erkanli, & Keele, 2003). Another explanation for this relationship
is simply that the average age of onset for anxiety disorders is earlier than that of depression
(Kessler et al., 2005). A more comprehensive understanding of the trajectories contributing
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to the relationship between anxiety and depression in adolescence is crucial for the
refinement of preventive interventions. This is especially important during adolescence, a
period of increased risk for internalizing symptoms (Cummings et al., 2014) and a crucial
time for identity development (Meeus, 2011).

Rumination in Anxiety/Depression Comorbidity

Rumination, the tendency to passively focus on one’s negative mood and its causes and
consequences, is a well-established risk factor for depression. In samples of undergraduates,
rumination has been demonstrated to maintain or worsen depressive symptoms (Morrow &
Nolen-Hoeksema, 1990; Nolen-Hoeksema, 1991) and to predict the likelihood of developing
a first episode of major depression (Spasojevic & Alloy, 2001). Several previous studies
have extended this research and identified rumination as an important cognitive style that
contributes to the link between anxiety and later depression. In an adolescent sample, Cohen
and colleagues (2014) found support for a diathesis-anxiety model, in which anxiety
symptoms interact with rumination to increase risk for depressive symptoms. This model
was further supported by Starr et al. (2016), who found that the tendency to ruminate
specifically about anxiety symptoms moderated the sequential comorbidity between anxiety
and depressive symptoms in an adolescent sample. Alternatively, Grant and colleagues
(2014) found that rumination mediated the relationship between social anxiety and
depression 12 weeks later in a sample of late adolescents. Similarly, McLaughlin and Nolen-
Hoeksema (2011) also reported that rumination mediated the relationship between anxiety
and later depression in adolescents. Thus, ruminative response styles appear to be important
for understanding the relationship between anxiety and later depression during adolescence
and may both moderate and mediate this sequential association. Consequently, rumination
was a focus of the current study.

Depression and Inflammation

Numerous studies have demonstrated that depression is more common in individuals with
chronic illnesses, especially those that involve inflammatory processes such as asthma and
cardiovascular disease (Goodwin, Fergusson, & Horwood, 2004; Whooley, 2006). Similarly,
studies have shown that many individuals in a depressive episode have higher levels of
proinflammatory cytokines, such as interleukin-6, and other blood indicators of
inflammation, such as elevated C-reactive protein, than those without depression (Dhabhar
et al., 2009; Dowlati et al., 2010). Although the majority of this research has been conducted
with adults, this pattern of results has been replicated with adolescent samples (Pallavi et al.,
2015). Inflammation also has been associated with depressive symptoms in adolescents (see
Mills, Scott, Wray, Cohen-Woods, & Baune, 2013 for a review). Importantly, whereas there
is a relative dearth of literature on inflammation and depression in adolescent samples, a few
longitudinal studies have demonstrated that inflammation is associated with the development
of depressive symptoms in adolescence (Duivis et al., 2015; Moriarity et al., 2018) and that
this relationship may be bidirectional (Miller & Cole, 2012). These results highlight the
potential for inflammation to function as both a risk and a maintenance mechanism for
adolescent depression. Further, the administration of certain cytokines, such as interferon-
alpha and interleukin-6, as well as other immunomodulatory treatments, can induce feelings
of malaise and depressive affect, suggesting that inflammation could be a significant
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contributor to the pathophysiology of depression (for a review, see Miller, Maletic, &
Raison, 2009). Moreover, a variety of human and animal studies have documented that
stressful challenges elicit an inflammatory response, which coincides with a behavioral
“sickness syndrome” comprised of malaise, anorexia, somnolescence, loss of libido,
decreased sociality, and impaired cognitive performance (Dantzer, O’Connor, Freund,
Johnson, & Kelly, 2008; Hart, 1988). The concordance of this “sickness syndrome” with
symptoms of depression has led to a new understanding of the physiological processes
underlying the affective and cognitive dysfunction seen in depressive disorders.
Consequently, there is strong evidence that inflammation might be an important
pathophysiological mechanism for depression. However, much more research needs to be
done with adolescent samples to investigate how inflammation might influence depressive
symptoms during this developmental period when depression often first emerges. This is
especially true given that adolescents with depression exhibit age-specific characteristics of
the inflammation system (Mills et al., 2013).

Anxiety and Inflammation

Individuals with anxiety disorders often have higher concentrations of several inflammatory
proteins in circulation (see Michopoulos, Powers, Gillespie, Ressler, & Jovanovic, 2016, for
a review). In a cohort of 54,326 participants, Naude, Roest, Stein, de Jonge, and Doornbos
(2018) found that individuals with anxiety disorders, with the exception of social anxiety
disorder, exhibited significantly higher C-reactive protein than controls. Furthermore,
Liukkonen and colleagues (2011) found that anxiety symptoms were predictive of elevated
C-reactive protein levels in adult males. Although there is a relative dearth of literature
investigating the relationship between inflammation and anxiety in adolescence, generalized
anxiety disorder (GAD) was associated with higher C-reactive protein in a sample of over
1,400 adolescents (Copeland, Shanahan, Worthman, Angold, & Costello, 2012). Similarly,
adolescents in the Avon Longitudinal Study of Parents and Children cohort with GAD had
higher C-reactive protein than control cases, even after excluding participants with comorbid
depression (Khandaker, Zammit, Lewis, & Jones, 2016). There is additional evidence for a
relationship between anxiety and inflammation from studies utilizing acute lab stressors.
Carroll and colleagues (2011) found that increased state anxiety in response to the Trier
Social Stress Task (TSST) was associated with increased interleukin-6 levels in adults.
Another study investigating responses to the TSST demonstrated that giving a speech in the
context of social evaluation resulted in higher levels of tumor necrosis factor alpha (TNF-a),
another inflammatory cytokine (Dickerson et al., 2009), in female undergraduates. Further,
individuals who reported more stress in response to the TSST had higher proinflammatory
cytokine levels than those who experienced more fear during the task (Moons, Eisenberger,
& Taylor, 2010). One study also investigated the relationship between inflammation and
anxiety in adolescent depression patients, finding that anxiety symptoms were positively
correlated with proinflammatory interleukin-1p in female depression patients and negatively
correlated with anti-inflammatory biomarkers transforming growth factor-g1 and
interleukin-17A in the entire sample of depressed adolescents (Pallavi et al., 2015). Thus,
there is reasonable evidence to investigate the relationship between anxiety and
inflammation and its relevance to risk for depression.
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Rumination and Inflammation

Some have postulated that a proinflammatory phenotype can develop over time because of
repeated or chronic stress. This type of cumulative allostatic loading can then impact both
neuroendocrine and immune regulation, contributing to the risk for depression (McEwen &
Stellar, 1993). Certain cognitive styles also foster more frequent and enduring physiological
arousal (Segerstrom & Miller, 2004), including the perseverative cognitions associated with
worry and rumination, two cognitive styles associated with anxiety (Muris, Roelofs,
Meesters, & Boomsma, 2004). Brosschot, Gerin, and Thayer’s (2006) perseverative
cognition hypothesis posits that perseverative cognitive styles such as rumination can
enhance autonomic, endocrine, and immune reactions to both physical and psychological
insults, prolonging stress-related activation, and ultimately contributing to a shift in the set
points for physiological regulation. Conversely, the extent of the duress induced by stressful
challenges can be reduced by adaptive coping styles. For example, female young adults
instructed to ruminate about a social stress task had higher cortisol levels post-stressor than
participants assigned to a distraction condition (Zoccola, Figueroa, Rabideau, & Woody,
2013). The recovery time for the elevated levels of the acute phase reactant, C-reactive
protein, to return to baseline also was significantly slower in the rumination condition than
in the distraction condition. Although this study demonstrated an exciting connection
between cognitive vulnerabilities and inflammation, additional research is needed utilizing
both reports of trait rumination experienced in day-to-day life and research with adolescent
samples.

The Current Study

The current study utilizes a prospective design to test whether inflammatory physiology
contributes to the link between anxiety and later depressive symptoms, and whether this
association is moderated by rumination in adolescents. Two primary hypotheses were tested:
1) rumination would moderate the relationship between anxiety at Time 1 (T1) and
inflammation at Time 2 (T2), and 2) inflammation at T2 would mediate the relationship
between anxiety symptoms at T1 and depressive symptoms at Time 3 (T3), and rumination
would moderate this effect (see Fig. 1). It was expected that rumination would be associated
with higher levels of inflammatory mediators and depressive symptoms. Conversely, it was
predicted that lower rumination would buffer the effect of anxiety on inflammation and later
depressive symptoms. Four cytokines were measured, including three with proinflammatory
activity, interleukin-6, interleukin-8, tumor necrosis factor alpha, and one regulatory
cytokine, interleukin-10, as well as the liver-derived acute phase reactant, C-reactive protein,
which is commonly employed in clinical practice as an indicator of inflammation and
infection. Because they have been found to be the most commonly associated with
rumination and adolescent anxiety and depressive symptoms, only C-reactive protein and
interleukin-6 were analyzed (Haapakoski, Mathieu, Ebmeier, Alenius, & Kiviméki, 2015;
Khandaker et al., 2016; Zoccola et al., 2013).
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Methods

Participants

Participants were drawn from the Adolescent Cognition and Emotion (ACE) project at
Temple University, a longitudinal study of depression. Adolescents (N=640) ages 12-13
years and their mothers were recruited from the greater Philadelphia area through a
combination of mailings and follow-up phone calls to families with children attending
middle schools (68% of the total sample) and advertisement in local newspapers (32% of the
sample). Inclusion criteria stipulated that the participant needed to be 12-13 years old, self-
identify as Caucasian/White, African American/Black, or Biracial, and speak and read
English. Participants were excluded if either child or mother had insufficient skill in the
English language to complete the assessments or had a severe psychiatric, developmental, or
learning disorder (see Alloy et al., 2012 for further details). Informed consent was obtained
from all individual participants included in the study. The Temple University Institutional
Review Board approved the protocol (IRB protocol #6844).

About four years after Project ACE began, voluntary blood draws were introduced into the
study. The present sample included 140 adolescents (mean age at T1 (first blood draw) of
this study = 16.5; SD = 1.2 years) who provided blood voluntarily on two separate visits (T1
and T2) and completed at least one follow-up session after the second blood draw (T3). This
sample was 52% female, 40% Caucasian, 54% African American, and 6% biracial.
Independent sample #tests indicated that the current subsample did not differ at baseline
from the total sample on depressive symptoms, anxiety symptoms, race, sex, or
socioeconomic status (all ps> .05).

Procedure

At T1, adolescents provided blood and completed self-report questionnaires assessing
depressive symptoms, anxiety symptoms, and cognitive response styles. At T2 (time since
T1: mean = 13.5 months, SD = 5.9 months, range = 37.2 months), adolescents provided a
second blood sample and completed the measures of depressive and anxiety symptoms
again. Participants were invited to follow-up sessions approximately every 6 months;
however, blood draws were an optional part of the study, so T2 was not necessarily the first
follow-up after T1; it was whenever the participant completed a second blood draw.
Depressive symptoms were re-assessed at T3, the first follow-up after T2 (time between T2
and T3: mean = 12.5 months, SD = 6.5 months, range = 33.7 months; time between T1 and
T3: mean = 26.0 months, SD= 9.0 months, range = 54.2 months), to assess follow-up
depressive symptoms.

Measures

Depressive symptoms.—The Children’s Depression Inventory (CDI; Kovacs, 1985) is a
self-report measure of depressive symptoms designed for youths 7-17-years of age and is
comprised of 27 items endorsed at one of three levels of severity (e.g., “I am sad once in a
while”, “I am sad many times”, or “I am sad all the time”). It is a reliable and valid measure
of depressive symptoms in youth samples (Klein, Dougherty, & Olino, 2005). The CDIs
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administered at baseline T1 and T3 were used in this study. Internal consistency in this
sample was a. = .87 at T1 and .83 at T3.

Anxiety symptoms.—The Multidimensional Anxiety Scale for Children (MASC; March,
Parker, Sullivan, Stallings, & Conners, 1997) is a self-report questionnaire consisting of 39
items (e.g., | feel tense or uptight) that load onto four factors: physical symptoms of anxiety,
social anxiety, separation anxiety, and harm avoidance. Items are endorsed on a 4-point
Likert scale ranging from “Never” to “Often”. The MASC total from T1 was used for our
main analyses inasmuch as there were no a priori hypotheses about the role of particular
types of anxiety. The MASC has strong retest reliability and convergent and divergent
validity (March et al., 1997; March, Sullivan, & Parker, 1999). Internal consistency in this
sample was a = .88 for the MASC at T1.

Rumination.—The Children’s Response Styles Questionnaire (CRSQ; Abela, Vanderbilt,
& Rochon, 2004) is a self-report instrument that measures how youth respond to sad moods.
It consists of 25-items (e.g., “When | am sad, | think about how sad | feel””) probing the
frequency with which dysphoria is responded to with rumination, problem solving, or
distraction. Items were rated on a 4-point Likert scale (“Almost never”, “Sometimes”,
“Often”, and “Almost always”). Only the rumination subscale (13 items) was used for this
study. The CRSQ has demonstrated good validity and internal consistency (Abela et al.,

2004). Internal consistency for the Rumination subscale in this sample was a. = .89 at T1.

Immune assays.—Blood was obtained via antecubital venipuncture by a certified
phlebotomist into a 10 mL vacutainer designed for freezing plasma separated from the cells
within the vial (BD Hemogard with K2 EDTA). Vacutainers were stored in an ultracold
freezer at —80°C, and later thawed on the day of assay. Time of day of the blood draw was
recorded and participants’ body mass index (BMI) were calculated from measured height
and weight.

Four cytokines were quantified by multi-cytokine array (interleukin-6, interleukin-8,
interleukin-10, and tumor necrosis factor alpha), and high-sensitivity C-reactive protein was
determined in singleplex assay, using an electrochemiluminescence platform and a
QuickPlex SQ 120 imager for analyte detection (Meso Scale Discovery, Gaithersburg, MD).
Each specimen was assayed in duplicate, with intra-assay coefficients of variation between
1.94 — 4.38%, and values referenced to a standard curve generated from 7 calibrators with
known concentrations. The lower limit of detection (LLOD) for the cytokines was 0.1
pg/mL, with a large dynamic range up to 2000 pg/mL. C-reactive protein is present in blood
at higher concentrations, and thus, plasma was diluted to correspond to the standard curve.
Values were converted to mg/L units in keeping with the clinical literature, and were
calculated down to 0.1 mg/L (Breen et al., 2011; Dabitao, Margolick, Lopez, & Bream,
2011).

Data Analysis Plan

All descriptive statistics, correlations, and analyses were conducted in SPSS (v23; IBM
Corp, 2016). Moderation, mediation, and moderated mediation analyses were conducted
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using Models 1, 4, and 7 in the Process Macro (Hayes, 2013), respectively. Bivariate
correlations between demographic and physical characteristics and primary study variables
were calculated (see Tables 1 and 2). Moderation models tested whether anxiety symptoms
(MASC; T1) and rumination (CRSQ; T1) interacted to predict inflammatory activity,
specifically interleukin-6 or C-reactive protein (T2). Unconditional mediation models tested
whether inflammation (interleukin-6 or C-reactive protein) at T2 mediated the relationship
between anxiety symptoms (T1) and depressive symptoms (CDI; T3). Significant mediations
were indicated by the 95% confidence intervals for the indirect effect not including 0.
Moderated mediation analyses tested whether interleukin-6 and C-reactive protein (T2)
mediated the relationship between anxiety symptoms (T1) and depressive symptoms (CDI;
T3) at various levels of rumination (T1). Moderation, mediation, and moderated mediation
analyses handled missing data with listwise deletion. Because they previously have been
shown to be associated with inflammation and/or depressive symptoms, all analyses
controlled for the effects of T1 age (Mills et al., 2013), T2 BMI (Howren et al., 2009), time
of T2 blood draw (Dominguez-Rodriguez, Abreu-Gonzalex, & Kaski, 2009), SES (a
dichotomous variable with “1” indicating eligibility for a government-funded lunch at school
and “0” indicating ineligibility) (Deverts, Cohen, Kalra, & Matthews, 2012), sex (Hankin et
al., 1998), and race (Alanna et al., 2011). Unconditional and moderated mediation analyses
also controlled for T1 depressive symptoms. All analyses controlled for T1 levels of the
biomarker used in the model and time in study. T1 depressive symptoms and inflammation
were covaried to examine change in inflammation from T1 to T2 as a mediator of the
interactive relationship between anxiety and rumination at T1 and change in depressive
symptoms from T1 to T3. Time in study was controlled because a longer time between T1
and T3 provides more opportunity for change in depressive symptoms.

C-reactive protein values > 10 mg/L may indicate an acute infection, and thus 17
participants with C-reactive protein above 10 mg/L were excluded from subsequent analyses
(Bell et al., 2017; Ferranti, Gauvreau, Ludwih, Newburger, & Rifai, 2006). Additionally,
eight C-reactive protein and four interleukin-6 values that were > 3.0 standard deviations
above the mean were removed as outliers. These outliers were removed, rather than
winsorized, because the biomarker values were skewed even after log-transformation with
the outliers in the dataset, and thus, violated the assumptions of the statistical methods used
in this study. Finally, two cases were removed because their C-reactive protein values were
greater than 2.5 standard deviations above the mean and the participants had indicated recent
illness at the time of the blood draw. Additionally, 35 participants were missing the CRSQ at
T1 due to technical difficulties, further reducing the final N for analyses. It is important to
note that the sum of the participants removed for the reasons listed above is larger than the
number actually removed from the analyses because of overlap between missingness on the
CRSQ and removal as inflammation outliers. Even after removing outliers, raw C-reactive
protein and interleukin-6 values were significantly skewed and were thus log-transformed
(log(10 x value)), which normalized their distribution to an acceptable amount for the
analyses.

J Youth Adolesc. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moriarity et al. Page 9

Results

Preliminary Analyses

Descriptive statistics and bivariate correlations for the primary study variables, including the
untransformed inflammation variables, are summarized in Table 1. T1 anxiety symptoms
were positively correlated with T1 rumination (r=. 379, p< .01), T1 depressive symptoms (r
=.439, p<.01), and T3 depressive symptoms (r=.346, p< .01) and negatively correlated
with T1 C-reactive protein (r=-.229, p < .05). T1 rumination also was positively associated
with T1 and T3 depressive symptoms (r=.587, p<.01; r=.391, p<.01; respectively). T1
C-reactive protein was positively correlated with T1 interleukin-6 (r=.469, p<.01), T2 C-
reactive protein (r=.557, p<.01) and T2 interleukin-6 (r= .447, p< .01). T1 interleukin-6
was correlated with T2 C-reactive protein (r=.437, p<.01) and T2 interleukin-6 (r=.477,
p<.01). T1 depressive symptoms was correlated with T3 depressive symptoms (r= .677, p
<.01) and T2 C-reactive protein was correlated with T2 interleukin-6 (r=.521, p<.01).
Independent samples t-tests were used to investigate potential differences in primary study
variables as a function of gender and SES. Adolescents who qualified for a federally funded
lunch had higher depressive symptoms at T3 and females had higher C-reactive protein at
T1, interleukin-6 at T1 and T2, and anxiety symptoms at T1 (all p’s < .05). A one-way
ANOVA found no significant differences in primary study variables between races (p > .05).
Bivariate correlations between immune variables, depressive symptoms, and covariates are
presented in Table 2.

Primary Analyses

Anxiety symptoms and rumination interacted to predict interleukin-6 such that, at higher
levels of rumination, anxiety predicted greater interleukin-6 (6= .0004, SE=.0002, =
2.0985, p=.0392; see Fig. 2). This interaction did not significantly predict C-reactive
protein at T2 (p=.7451).

Neither of the inflammation variables were significant mediators in the unconditional
models. Additionally, the moderated mediation model including C-reactive protein as a
mediator was not significant (index of moderated mediation = —.0003, SE =.0012, 95% CI:
-.0029, .0021). However, consistent with our hypothesis, interleukin-6 mediated the
relationship between anxiety symptoms at T1 and depressive symptoms at T3, and this
relationship was conditional on rumination (index of moderated mediation = .0015, SE=.
0010, 95% CI: .0001, .0042; see Table 3 and Fig. 3). Table 3 is separated into four sections,
the first containing statistics for the key predictors in the a” pathway predicting to T2 log
interleukin-6, the second describing the key predictors of T3 depressive symptoms on the b’
pathway, the third showing the conditional indirect effects of T1 anxiety symptoms on T3
depressive symptoms at different levels of rumination, and the fourth reporting the index of
moderated mediation. Anxiety symptoms interacted with high levels of rumination to predict
higher levels of interleukin-6 at T2 and depressive symptoms at T3, and with lower levels of
rumination to predict less interleukin-6 at T2 and lower depressive symptoms at T3 (6=
0004, SE=.0002, £ 2.0702, p=.0420). Follow-up analyses found that interleukin-6
mediated the conditional indirect effect of T1 anxiety symptoms on T3 depressive symptoms
at low levels of rumination (-1 SD: b= -.0178, SE=.0121, 95% CI: -.0509, -.0010), but
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not at higher levels of rumination. Although the conditional indirect effect of T1 anxiety on
T3 depressive symptoms was not significant at higher levels of rumination, it is worth noting
that anxiety symptoms predicted more interleukin-6 and depressive symptoms as rumination
increased (Mean: 6= -.0063, SE=.0078, 95% CI: -.0327, .0026; +1 SD: = .0053, SE=.
0089, 95% CI: —.0078, .0295). In conclusion, the strength and direction of the mediation
(i.e., anxiety leading to more or less interleukin-6) was conditional on trait rumination;
however, interleukin-6 was only a significant mediator at low levels of rumination in this
model.

Alternate Models Tested

Inasmuch as there is evidence that rumination both moderates and mediates the temporal
relationship between anxiety and depressive symptoms (Grant et al., 2014; Starr et al.,
2016), sequential mediation analyses also were conducted with trait rumination mediating
the relationship between anxiety symptoms at T1 and inflammation at T2 and inflammation
at T2 mediating the relationship between trait rumination and depressive symptoms at T3.
Covariates were identical to those described above for moderated mediation, and models
were tested with both interleukin-6 and C-reactive protein as mediators. None of the
mediations in either of these models was significant. Additionally, whereas the a priori
hypotheses focused on anxiety symptoms generally, analyses also were run with the MASC
subscales. No significant moderated or unconditional mediations were significant; however,
MASC harm avoidance interacted with rumination to predict interleukin-6 (6= .0011, SE=.
0004, = 2.6075, p=.0110), such that at higher levels of rumination, greater MASC harm
avoidance symptoms predicted higher interleukin-6.

Discussion

The literature on inflammation and depressive symptoms has rapidly expanded in recent
years, with exciting new research and novel theoretical models (e.g., Slavich & Irwin, 2014);
however, there are a number of limitations in this body of literature. First is the lack of
published literature using longitudinal designs. As excessively proinflammatory phenotypes
are implicated in the pathogenesis of depressive symptoms, temporal precedence of
inflammation measures before depressive symptoms assessments greatly improves the
ability to interpret results. This need is compounded by results suggesting that the
relationship between inflammation and depressive symptoms is bidirectional in adolescents
(Miller & Cole, 2012); thus, being able to account for the variance attributed to both
inflammation and depressive symptoms at the same time point is crucial. Additionally, even
among the few prospective studies, none has investigated inflammation as a mediator
between established risk factors for depression and depressive symptoms, despite the
frequent conceptualization of inflammation as a pathophysiological mechanism for
depression (Slavich & Irwin, 2014). Further, whereas there are published studies
investigating the link between experimentally-instructed engagement in rumination and
inflammatory activity (Zoccola et al., 2013), no studies to date have investigated this
relationship using trait-measures of rumination associated with depression. Crucially, there
is a dearth of literature on the role of inflammation in depression using adolescent samples, a
crucial period of risk for the development of depressive symptoms (Cummings et al., 2014).
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The current study sought to address these limitations of this area of research by testing
markers of inflammation, specifically interleukin-6 and C-reactive protein, as mediators of
the relationship between anxiety symptoms and depressive symptoms conditional on
rumination.

Our study generated support for inflammation as a mediator of the relationship between
anxiety symptoms and later depressive symptoms, and found that this relationship is
conditional on rumination. Specifically, consistent with our hypothesis, results support that
high levels of rumination are a risk factor, and low levels a protective factor, for the
development of elevated interleukin-6, and subsequent depressive symptoms, secondary to
anxiety symptoms. To our knowledge, this study is the first indicating that an inflammatory
cytokine mediates the relationship between anxiety symptoms and subsequent depressive
symptoms. Importantly, none of the unconditional mediations reached significance,
demonstrating that accounting for the interaction between anxiety and rumination is a
necessary component of this model. Considered together, this suggests that the presence of
symptoms of anxiety in adolescents alone does not increase risk for proinflammatory
phenotypes in a way that increases risk for depressive symptoms, but it is the combination of
anxiety and how adolescents cognitively respond to negative affect that influences the
trajectory toward inflammation and depressive symptoms. Further, this moderated mediation
model highlights the potential for both biological and psychological treatment targets to
prevent the transition to depression from anxiety in adolescence: rumination and
inflammation.

C-reactive protein was not found to be a significant mediator in our models. This might be
due in part to controlling for T1 inflammation in the models, as the stability in the biomarker
values across the two-time points was particularly high for C-reactive protein (r=.557), one
of the inflammatory markers most commonly associated with depressive symptoms.
However, controlling for T1 inflammation and T1 depressive symptoms was necessary to
take full advantage of our longitudinal data to best understand what processes can influence
shifts toward a proinflammatory phenotype and later depressive symptoms.

The results provide further support for Cohen et al.’s (2014) dliathesis-anxiety model of
depression secondary to anxiety, in which anxiety symptoms interact with specific cognitive
vulnerabilities to predict depressive symptoms. Similar to Cohen and colleagues’ study, the
present study found that higher rumination interacted with anxiety symptoms to increase risk
for proinflammatory phenotypes associated with depressive symptoms, and lower
rumination interacted with anxiety symptoms to decrease risk for inflammation in
adolescents. Additionally, interleukin-6 was found to mediate the relationship between
anxiety and depressive symptoms at low levels of rumination, highlighting low rumination
as a protective factor in this etiological pathway. Further, as both i) anxiety and depression,
and ii) inflammation have been demonstrated to have a bidirectional relationship, it is likely
that these variables operate in a positive feedback loop that maintains and confers risk for
elevated inflammatory phenotypes and depressive symptoms (Lavigne, Hopkins, Gouze, &
Bryant, 2015; Miller & Cole, 2012). These results are an important step in understanding
biological and cognitive mechanisms involved in an extremely prevalent and costly
psychiatric comorbidity. Notably, these results highlight two potential targets for the
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prevention and treatment of depression secondary to anxiety in adolescence, specifically
rumination and inflammation. Additionally, these results suggest that inflammation might be
a biological variable underlying some of the effects of psychotherapies that target ruminative
response styles.

This study has several important strengths. It assessed a diverse community sample of
adolescents. Further, adolescents are both understudied in the inflammation literature and
are at elevated risk for developing depressive symptoms. Additionally, this study utilized a
fully prospective design across three time points so that the temporal relationships between
anxiety symptoms, inflammatory biomarkers, and depressive symptoms could be
established, and baseline levels of both inflammation and depressive symptoms could be
controlled. Consequently, the results demonstrate that changes in inflammation predict
changes in depressive symptoms as a result of the interaction between anxiety symptoms
and rumination.

These results should be considered preliminary in light of the following limitations. First,
there was considerable variation in follow-up times across the three time points.
Consequently, participants had different lengths of time for both their inflammatory
physiology and depressive symptoms to change, which could influence the relationships
between these variables. Additionally, there is evidence that the relationship between
inflammation and depressive symptoms is conditional on time-to-follow-up (Moriarity et al.,
2018); thus, the significance of the b’ pathway in the mediation models might have been
influenced by this variability. Additionally, this study used only self-report measures of
anxiety and depressive symptoms, without diagnostic clinical interviews. A test of this
theoretical model with verified anxiety and depression diagnoses would ensure the clinical
relevance of these findings. Furthermore, given that this sample primarily consisted of late
adolescents, this model will have to be replicated in younger samples to ensure
generalizability throughout adolescence.

Conclusion

Adolescence is a period of increased risk for depressive and anxious symptoms (Cummings
etal., 2014). As anxiety is a risk factor for later depression (Bittner et al., 2004), the
identification of cognitive and biological mechanisms that confer risk for depression
secondary to anxiety in adolescence is crucial for the development of effective treatments
that are both biologically and psychologically informed. As both inflammation and
rumination are implicated in the pathophysiology of adolescent depression (Duivis et al.,
2015; Starr et al., 2016), the current study extended the diathesis-anxiety model (Cohen et
al., 2014) to include inflammation as a mediator of the relationship between the interaction
of anxiety symptoms and rumination and later depressive symptoms. The results provided
support for our a priori hypothesis that inflammation would mediate the relationship
between anxiety symptoms and changes in depressive symptoms over time, but only when
rumination is included as a moderator of the relationship between anxiety and inflammation.
These results highlight the relevance of inflammatory processes and the immune system in
the development of depressive symptoms secondary to anxiety symptoms during
adolescence. Further, this integrated immunocognitive model highlights both psychological
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(rumination) and biological (inflammation) targets for depression prevention and treatment
for adolescents.
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Fig. 1. Immunocognitive Model of Depression Secondary to Anxiety
Note: Sx = symptoms.
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Fig. 2. Anxiety Symptoms and Rumination Interact to Predict Log Interleukin-6
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T1 Rumination T2 Log IL-6

Effect of Anxiety Sx on Depression Sx: '0.930 "

- b=.0292,SE=.0317.p=. ;
T1 Anxiety s T3 Depressive

Symptoms Symptoms
Conditional Indirect Effect of Anxiety Sx on Depression 5x via Log IL-6 for Individuals with
Low Rumination: b = -,0178, S€ = 0121, €l = -.0509 - -.0010
Conditional Indirect Effect of Anxiety Sx on Depression Sx via Log IL-6 for Individuals with
High Rumination: b = 0053, SE = 0089, Cf = -.0078 - .0295

Fig. 3. Log IL-6 Mediates the Relationship between T1 Anxiety Symptoms and T3 Depression
Symptoms at Different Levels of Rumination

Note: Sx = symptoms. Moderated mediation analyses controlled for T1 age, depressive
symptoms, and inflammation; T2 body mass index, time of T2 blood draw, as well as SES,
sex, race, and time in study.
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Table 1.

Bivariate Correlations and Descriptive Statistics of Primary Study Variables

Measure 1. 2 3 4. 5 6 7 8
1. T1 Anxiety —

2. T1 Rum 379 ** _

3. TLCRP _229% -134 —

4. T1IL-6 052 -017 469 —

5.T1 Dep 439™  5g7™" -039 035 —

6. T2 CRP -053 -.053 557* 437% -.046 —

7.T21L-6 044 075 447™ 417 078 5 —

8. T3 Dep 346™ 397" 034 111 77" 002 135 —
N 138 105 122 127 139 126 126 140
Mean 36.22 25.48 1.22 0.43 7.07 1.30 0.35 5.73
SD 15.22 7.82 1.56 0.30 6.35 1.69 0.25 5.16

Note: Rum = Rumination, CRP = C-reactive Protein, IL- = Interleukin, Dep = Depression

*
p<.05,

Ak
p<.0L.
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Table 2.

Bivariate Correlations of Biomarkers and Covariates

Measure 1 2. 3 4. 6. 7 8. 9
1. Months in Study —_
2. TLCRP -111 —
Hok
3.T1IL6 -076 489 —
4.T1Dep -041  -039 035 —
5.T1 Age -3817 183 .001 -.132 —
6. Time of T2 BD 071 058 041  -066 027  —
7. T2BMI -032 470" ™ 098 137 -104 —
8. T2 CRP -022 557" 437 -046 073 -137 497 —
9.T21L-6 —122 447 477" 078 -026 -024 4577 1T —
10. T3 Dep .085 072 074 g0 " 035 -056 190"  .044 130

Page 22

Note: All Ns range from 114-140. CRP = C-reactive Protein, IL- = Interleukin, Dep = Depression, BD = Blood Draw, BMI = Body Mass Index

*
p<.05,

Ak
p<.0l
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Table 3.

Log IL-6 Mediates the Relationship between T1 Anxiety and T3 Depression at Different Levels of Rumination
(N=86)

Variable Coefficient  Standard Error t p
Outcome: &’ path (predicting to T2 Log IL-6)

T1 Anxiety -.0126 .0055 -2.2813 .0254
T1 Rumination -.0155 .0087 -1.7750 .0801
T1 Log IL-6 4128 .1032 4.0013 .0001
T1 Anxiety x T1 Rumination .0004 .0002 2.0702 .0420
T1 Depression .0014 .0053 2671 .7901
RZ accounted for 44%

Outcome: b’ path (predicting to T3 Dep)

T1 Anxiety .0292 .0317 9227 .3592
T1 Depression .5350 .0831 6.4366 <.0001
T1 Log IL-6 -1.9508 1.9558 -.9974 .3218
T2 Log IL-6 3.4101 2.0037 1.7019 .0930
A2 accounted for 55%

Conditional indirect effect of T1 Anxiety on T3 Depression at Different Levels of Rumination:

Rumination Percentile Effect Boot Standard Error  Boot LLCI  Boot ULCI
-1SD -.0178 .0121 -.0509 -.0010
Mean -.0063 .0078 -.0327 .0026
+1SD .0053 .0089 -.0078 .0295
Index of Moderated Mediation

Mediator Index Boot Standard Error  Boot LLCI  Boot ULCI
T2 Log IL-6 .0015 .0009 .0001 .0039

Note: All analyses controlled for the effects of T1 age, T2 BMI, T2 time of blood draw, sex, race, whether the family qualified for a free school
lunch, and months in study. IL- = Interleukin.
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