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Cognitive and affective responses to acute stress influence pro-inflammatory cytokine reactivity, and
peripheral cytokines (particularly interleukin-1 beta (IL-1b)), can act on the brain to promote depressive
symptoms. It is unknown whether acute stress-induced changes in positive affect and cognitions (POS)
and pro-inflammatory reactivity predict future depressive symptoms. We examined acute stress responses
among women, to determine prospective predictors of depressive symptoms. Hypotheses: (1) Stress-
induced decreases in POS will be associated with stress-related increases in circulating IL-1b. (2) Acute
stress-induced decreases in POS and increases in IL-1b reactivity will predict increases in depressive symp-
toms 1 year later. Thirty-five post-menopausal women were exposed to acute stress with the Trier Social
Stress Task (TSST) and provided blood samples under resting conditions and 30 min after the conclusion of
the TSST, which were assayed for IL-1b. IL-1b reactivity was quantified as post minus pre-TSST. Failure to
maintain POS was quantified as the decrease in POS during the TSST. Change in depressive symptoms from
the study baseline to the following year was determined. Greater acute stress-induced declines in POS were
significantly associated with increased IL-1b reactivity (p 6 .02), which significantly predicted increases in
depressive symptoms over the following year (p < .01), controlling for age, body mass index, chronic stress,
antidepressant use and baseline depressive symptoms. IL-1b reactivity was a significant mediator of the
relationship between POS decline and future increases in depressive symptoms (p = .04). Difficulty main-
taining positivity under stress and heightened pro-inflammatory reactivity may be markers and/or mech-
anisms of risk for future increases in depressive symptoms.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Depressive disorders are highly prevalent and place a substan-
tial burden on society. They nearly double the risk of premature
mortality (Barth et al., 2004; Cuijpers and Smit, 2002), contribute
to run-away health care budgets (Unutzer et al., 2009), and cost
employers billions of dollars each year in lost productivity (Stewart
et al., 2003). Moreover, the increased morbidity and economic
costs are nearly as great for subclinical levels of depressive symp-
toms (Cuijpers et al., 2007; Cuijpers and Smit, 2002). Despite the
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prevalence and importance of treating depressive symptomatol-
ogy, one-third of patients with Major Depressive Disorder (MDD)
fail to experience symptom remission following multiple courses
of antidepressant treatment (Rush et al., 2006). This suggests a
need to better elucidate both the psychological and biological
mechanisms underlying depressive symptoms, in order to develop
novel approaches to treatment.

The ‘‘Cytokine Hypothesis of Depression’’ proposes that inflam-
mation may be a causal mechanism in the development of depres-
sive symptomatology (Dantzer et al., 2008; DellaGioia and
Hannestad, 2010; Miller et al., 2009). Pro-inflammatory cytokines,
such as interleukin (IL)-1b, IL-6 and Tumor Necrosis Factor alpha
(TNF-a), are known to induce sickness behavior, a set of behavior
changes that overlap with depressive symptomatology (e.g., fati-
gue, social withdrawal, loss of interest) (Dantzer et al., 2008). A
number of studies have found that patients with depressive disor-
ders have a heightened pro-inflammatory milieu relative to con-
trols (Dhabhar et al., 2009; Maes et al., 1997; Thomas et al.,
2005). These elevations persist after antidepressant treatment
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among non-responders (Maes et al., 1997), and correlate with
symptom severity and episode duration in older depressed adults
(Thomas et al., 2005). Endotoxin administration in humans pro-
vokes in vivo cytokine reactivity, which provokes increases in
depressive symptoms over the following hours to days (DellaGioia
and Hannestad, 2010). Moreover, in vitro LPS-induced production
of IL-1 family cytokines was prospectively associated with 5-year
increases in depressive symptoms among older adults (van den
Biggelaar et al., 2007). While the experimental endotoxin model
has provided rich insights, its translational potential is limited
because it explains the occurrence of depression due to a general
medical disorder better than depression among healthy
individuals.

Acute cytokine reactivity to laboratory stress tasks may provide
a valuable model for understanding the mechanisms and individ-
ual predictors of stress-related depression. Stressful life events fre-
quently precede depressive episodes (Kendler et al., 1998), and
stressors are also known to provoke pro-inflammatory cytokine
release (Altemus et al., 2001; Steptoe et al., 2007). However, rela-
tively few studies have examined acute stress-induced cytokine
reactivity in relation to depressive disorders or symptoms (Miller
et al., 2005; Pace et al., 2006). None of these studies investigated
prospective associations, to determine whether pro-inflammatory
reactivity might be a marker of long-term vulnerability. Hence, this
study investigates whether cytokine reactivity to an acute labora-
tory stress task predicts subsequent increases in depressive symp-
toms over 1 year.

In a meta-analysis of acute stress effects on cytokine reactivity,
IL-1b exhibited the largest effect size (r = 0.58), followed by IL-6
(r = .19), while TNF-a increases in response to stress were not sig-
nificant (Steptoe et al., 2007). Animal models further underscore
the central role of IL-1b in stress-induced depression (Goshen
et al., 2008; Nguyen et al., 1998). Notably, many of the depressive
behavioral effects of LPS can be blocked by pretreatment with IL-1
receptor antagonist (IL-1ra) (Bluthe et al., 1992). This study
focused on IL-1b as a key candidate cytokine that may help ex-
plain why, and for whom, stress is likely to promote depressive
symptoms. Secondarily, the study also examined IL-6, which
may also play an important role in depressive disorders (Dhabhar
et al., 2009; Pace et al., 2006) and is regulated by IL-1b (Dinarello,
2009).

The magnitude of physiological stress responses reflects, in part,
a trait-like individual characteristic (Cohen and Hamrick, 2003),
with the capacity to predict elevations in biomarkers of disease
processes (Brydon and Steptoe, 2005; Matthews et al., 2004).
Nonetheless, the way individuals appraise their ability to manage
stress also impacts their affective, cognitive and biological stress
responses (Tomaka et al., 1997). Increases in anxiety and anger
during an acute laboratory stress task have been associated with
greater concomitant pro-inflammatory reactivity (Carroll et al.,
2011). In contrast, little is known about whether the ability to
maintain positively oriented cognitions and affect (e.g., confidence,
hope or challenge) during an acute stressor is associated with de-
creased pro-inflammatory reactivity or susceptibility to depressive
symptoms. Appraising stressors as challenges rather than threats
may buffer stress reactivity and promote salutary physiological
processes (Epel et al., 1998).

The current study investigates a PsychoNeuroImmunological
model of how the loss of a positive outlook during stress may reg-
ulate inflammatory reactivity and predict subsequent mood. This
inquiry focuses on two hypotheses: (1) Decreasing positivity in
response to an acute laboratory stress task will be significantly
related to greater pro-inflammatory IL-1b reactivity during the
stressor, and (2) Greater stress-induced declines in positivity and
increases in pro-inflammatory IL-1b reactivity will be significantly
associated with greater susceptibility to depressive symptom
increases over the following year.
2. Methods

2.1. Participants

All participants provided written informed consent, and the
study protocol was approved by the Institutional Review Board
of the University of California San Francisco. The sample was
drawn from a larger cohort of post-menopausal women who par-
ticipated in a prospective study of stress and immunological aging.
Forty-eight women took part in an acute laboratory stress task,
completed psychological ratings and provided blood samples for
assays of pro-inflammatory cytokine reactivity. Three participants
could not be included because they declined to continue or devel-
oped a headache. The study criteria excluded participants with
chronic medical conditions – including cardiovascular disease, can-
cer, and diabetes – as well as participants who were current smok-
ers or used medications known to affect stress hormones (e.g.,
corticosteroid or gonadal steroid-containing). Antidepressant use
was not an exclusion criterion, but was a covariate. To confirm
health status at baseline, participants were screened by self-report
and also passed a physical exam by a physician and a panel of stan-
dard laboratory tests (i.e., normal glucose, electrolytes, and func-
tion of the thyroid, liver and kidneys). This eligibility visit blood
draw was conducted in the morning, fasting, and the blood was
assessed for cytokine levels. One week later, participants returned
for an afternoon stress test session.

2.2. The acute stress test protocol

Participants ate a standardized lunch, had an antecubital intra-
venous catheter inserted around 1 pm, and then rested for 1 h
while listening to relaxing music on headphones. The Trier Social
Stress Task (TSST) was conducted (Kirschbaum et al., 1993), while
blood samples were collected to determine pro-inflammatory reac-
tivity. The TSST included both a speech (about strengths and weak-
nesses rather than a job interview due to the fact that some older
individuals were retirees) and a math task (subtraction of consec-
utive prime numbers). The stress task lasted 20 min total (5-min
each: introduction to tasks, preparation for speech task, giving
speech, math task), and was conducted in the presence of two
stony-faced evaluators. Blood draws for cytokine levels were con-
ducted at 0 and 50 min following stressor onset.

2.3. Maintenance of a positive outlook

Affective and cognitive indicators that reflect the maintenance
of a positive outlook during acute stress (POS) were assessed be-
fore (pre) and immediately after (post) the TSST (i.e., representing
a 20-min time-span). The construct of POS was assessed with an
8-item questionnaire including two sub-domains: affect and cogni-
tion. The positive affect sub-domain consisted of four items that
asked participants how hopeful, confident, eager, and excited they
felt prior to the stress task. These items were rated on a 5-point
Likert scale ranging from 0 = ‘‘not at all’’ to 4 = ‘‘a great deal’’. The
cognitive positive arousal sub-domain consisted of four items
(9-point Likert agreement scale), which tapped into confidence in
one’s ability to cope well with the task: e.g., ‘‘I will be able to com-
plete the upcoming tasks successfully’’. Items assessing post-task
responses were worded similarly, but changed the verb tense to
past: e.g., ‘‘I was able to complete the tasks successfully’’. This scale
utilizes items derived from previously published studies assessing
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emotional and cognitive appraisals of demands and resources in
response to acute stress tasks (Epel et al., 2009; Mendes et al.,
2001). The total positivity score was quantified as the sum of the
normalized scores for the two sub-domains, and demonstrated
good internal consistency (Cronbach’s alpha in the current sam-
ple = .87, total score). Total POS scores were quantified as the dif-
ference: post minus pre, such that higher numbers indicate
increases or lesser decreases. As a validity check to verify that
the POS measure was assessing positive affect, it was compared
with measures from the Positive and Negative Affect Schedule
(PANAS), in which participants rated how much they experienced
various emotions in the past week (Watson et al., 1988). The posi-
tive scale includes feelings such as enthusiastic, interested, and
happy, while the negative scale encompasses aversive feelings
such as scared, troubled, sad, guilty and irritable. Data on the
PANAS were missing for one participant.
2.4. Inventory of depressive symptoms (IDS)

The self-administered, 30-item IDS (Rush et al., 1986, 1996) was
used to assess the severity of depressive symptoms at baseline and
1 year following. The IDS is validated for use with both clinically
depressed and non-depressed individuals. It exhibits strong
reliability (Cronbach’s alpha = .94), correlates highly with other
well-established measures of depression (e.g., Hamilton Depres-
sion Rating Scale) and provides a sensitive measure of symptom
severity (Rush et al., 1996). The magnitude of the increase in
depressive symptoms (a primary outcome measure) was calcu-
lated as year 1 score minus baseline score.
2.5. Assessment of general health & health behaviors

Participant health was assessed by self-reported physician-diag-
nosed illness at study entry on the following variables potentially
related to immune function: hypertension (n = 11), hypercholester-
olemia (n = 14), chronic pain (n = 6), arthritis/osteoarthritis (n = 8),
osteoporosis (n = 4), allergies (n = 17). No participants had autoim-
mune disorders. Use of the following classes of medications was
also recorded and investigated for potential covariates: Non-Steroi-
dal Anti-Inflammatory Drugs (NSAIDs) (n = 8), antidepressants
(selective serotonin reuptake inhibitors, tricyclics, or atypical
(n = 6)), anti-hypertensives (n = 13), statins (n = 8), thyroid medica-
tions (n = 3), and anti-oxidant supplements (n = 15). Current smok-
ing was an exclusion criterion, so ‘former smoker’ was defined as
having smoked 100 or more cigarettes in one’s lifetime (n = 18).
Body Mass Index (BMI), alcohol use in the previous month (yes/
no) and moderate physical activity (self-reported frequency ⁄ aver-
age duration of exercise in the previous month) were assessed.
2.6. Pro-inflammatory activity: interleukin-1b & interleukin-6

Whole blood was collected into 10 ml SST tubes (Becton
Dickinson, Franklin Lakes, and NJ). Blood was allowed to clot for
30 min at room temperature, and then centrifuged at 1300 rpm
for 15 min. Serum was collected, frozen, and stored at �75 �C for
subsequent cytokine quantification. A high sensitivity sandwich
immunoassay was used to quantify IL-1b and IL-6 (Meso Scale Dis-
covery (MSD), Gaithersburg, MD). The assay sensitivity is 0.07 pg/
ml and the average intra- and inter-assay coefficients of variation
are 3% and 4%, respectively. Although the current study hypotheses
focused on IL-1b for the reasons previously outlined, IL-6 was
included in order to investigate whether effects were specific to
IL-1b, or more generally attributable to pro-inflammatory factors.
2.7. Data analyses

Pro-inflammatory reactivity was quantified as the change from
0 to 50 min, where larger scores indicate greater increases in
response to acute stress. This time-period was selected as the focus
because it roughly approximates the time required for increased
biosynthesis through enlargement of the circulating cell pool or
gene transcription-mediated processes (Steptoe et al., 2007).
IL-1b and IL-6 values were log-transformed to improve the normal-
ity of the distributions. Two outliers at 0 min and one at 50 min
were removed, because they were greater than four standard devi-
ations above the mean after log-transformation. For IL-1b, several
values that were above .05 and below 0.07 pg/ml were imputed
as being .06, which maintained their rank order in the distribution.
Values below .05 were coded as below the limit of detection, and
separate analyses examined whether these individuals differed
on key factors (see Section 3). The resulting variables for pro-
inflammatory reactivity, positive outlook and depressive symptom
variables did not significantly differ from a normal distribution per
the Kolmogorov–Smirnov (K–S) test.

The final sample consisted of thirty-five individuals with com-
plete data on pro-inflammatory reactivity and psychological
responses to acute stress. Of these, four individuals were unavail-
able at 1-year follow-up leaving a sample size of thirty-one for
the prospective analyses predicting future depressive symptoms.
The primary hypotheses were tested using linear regression in
which the primary covariates (age, BMI, caregivers status (0 = CG,
1 = NC), and antidepressant use) were entered into block 1 (one
at a time, in separate regression analyses to conserve power),
and the independent variable of interest was included in block 2.
Two-tailed tests with a critical alpha of .05 were used.
3. Results

3.1. Sample characteristics

In the final sample of 35 participants with psychological and
pro-inflammatory reactivity data, the mean age of the participants
was 61 years (range: 51–75), 86% were Caucasian, 66% had a Bach-
elor’s degree or higher, and the median income was approximately
$70,000/year. As a goal of the larger study was to examine chronic
stress, 16 of the 35 women were providing care for a family mem-
ber with dementia, while the remaining 19 were not (used as a
covariate). The average BMI in the study was 26 (SD = 5.37). The
mean depression score was 13.26 (SD = 8.73) on the IDS at the
baseline visit and 11.79 (SD = 7.21) at the 1-year follow-up visit.
Validated IDS cut-offs designed to detect significant functional
impairment associated with subthreshold depression were used
to categorize participants’ symptom severity as mild (score
14–25) or moderate (score 26–38) (no patients had scores above
moderate) for participants with DIDS data (Karsten et al., 2010).
The percentage of participants who met criteria were as follows:
at baseline – 32% mild, 3% moderate, and at 12-month follow-up
– 26% mild, 3% moderate. Absolute cytokine values at TSST baseline
and 50 min later are given in Table 1.
3.2. Determination of covariates

Age, BMI, caregiver status (caregiver or non-caregiver), and
antidepressant use at baseline (1 = yes, 0 = no), and change in anti-
depressant (AD) use from baseline to 12 months (�1 = stopped
taking, 0 = no change, 1 = started taking) were included as covari-
ates in all analyses and entered sequentially to avoid over-fitting.
In addition, four classes of factors were investigated for potential
inclusion as covariates: (1) demographics, (2) medical conditions,



Table 1
Absolute cytokine levels before and after the TSST.

(N = 35) Interleukin-1b, pg/
ml

Interleukin-6, pg/
ml

TSST baseline, M(SD)a 0.17 (0.14) 4.01 (13.77)
50 min after TSST baseline,

M(SD)a
0.23 (0.24) 5.13 (14.74)

a Note: The means and their standard deviations (M(SD)), given here, are inten-
ded merely to provide a rough benchmark of overall levels, but should not be taken
as a statistical estimate of central tendency due to the skewed nature of cytokine
data prior to log-transformation. All other analyses presented herein utilize log-
transformed variables. TSST = Trier Social Stress Task. 0.11
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Fig. 1. The decrease in a positive outlook during acute stress is associated with
greater pro-inflammatory interleukin-1b reactivity. POS = Positive affect and cog-
nitions. The analyses reported in the results use the continuous measures of acute
stress-induced change in POS to predict 50-min IL-1b reactivity (p = .017). In this
figure, the effects are represented dichotomously to better illustrate how individ-
uals (n = 19) whose POS decreased in response to acute stress had a greater increase
in IL-1b, relative to individuals (n = 16) whose POS increased or stayed the same
following the acute stress task.
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(3) health behaviors and (4) medication use. Pearson correlations
(for continuous factors) and t-tests (for dichotomous predictors)
were used to establish whether any of these factors were signifi-
cantly associated with the primary outcome (depressive symptoms
increase = DIDS) or the proposed mediator (i.e., IL-1b reactivity).

Higher BMI at baseline was associated with a nearly significant
association with increasing depressive symptoms, indicated by
DIDS (r = .352, p = .052). None of the demographic factors (i.e.,
age, being Caucasian, having a Bachelor’s degree or better, and
being at median income or above) or the health behaviors assessed
significantly predicted DIDS or IL-1b reactivity in independent
t-tests. No other associations between preexisting medical ill-
nesses or medication use and either IL-1b reactivity or DIDS were
found. In analyses without covariates, caregiver status was initially
associated with significant decreases in depressive symptoms
(p = .020); however, when controlling for basal depressive symp-
toms levels in a linear regression, caregiver status was no longer
significantly associated with DIDS (p > .20). The significant effect
of basal depressive symptoms indicates that, on average, individu-
als who had higher levels of depressive symptoms at baseline
decreased a few points over the following year (ß = �.414,
t(28) = �2.329, p = .027), possibly due to regression to the mean
or natural symptom regression.
3.3. Limit of detection analyses

To ensure that omitting individuals with IL-1b levels below the
limit of detection did not unduly bias these results, we conducted
analyses to determine whether individuals whose values were
deemed too far below the limit to impute (<.05 pg/ml)1 differed
from individuals with values above the limit on the major predictors,
covariates and outcomes. Dichotomous variables (1 = below the limit
of detection, 0 = above) were created for each time-point and t-tests
were conducted. Lower BMI was associated with a greater likelihood
of being below the limit of IL-1b detection at baseline (p = .04). POS,
basal IDS, DIDS, age, caregiver status, and antidepressant use did not
significantly differ as a function of being below versus above the lim-
it of detection (all p’s > .05).
2 POS is a continuous variable in all analyses reported. It is dichotomized in Fig. 1 to
better visualize the data.

3

3.4. Hypothesis 1 (H1): the role of maintaining a positive outlook

A primary goal of the study is to examine the extent to which
difficulty maintaining positive affect and cognitions (POS) during
acute stress are associated with concurrent pro-inflammatory
reactivity and future depressive symptoms. As a preliminary vali-
dation check, Pearson correlations were conducted to confirm that
higher reported levels of POS were significantly associated with
higher positive affect scores on the PANAS (respectively:
pre-stress, r = .484, p = .004; post-stress, r = .349, p = .043), and
1 For IL-1b values at fasting baseline, immediately prior to the stress task and after
50-min, the number of points below the limit was 4, 3, and 0, respectively.

Changes in AD use were significantly associated with changes in depression in the
expected direction (n = 5, p = .010). However, statistically controlling for changes in
AD use or dropping participants taking ADs did not affect the pattern of significance
linking POS and DIDS.
were not significantly associated with the negative affect subscale
of the PANAS (all p’s > .20). The change in POS from pre to post was
not significantly related to either positive or negative affect on the
PANAS, suggesting that overall POS levels may capture generalized
positive affect, while POS change reflects a more dynamic measure
of psychological stress appraisals.

Decreasing POS during acute stress was significantly associated
with higher pro-inflammatory IL-1b reactivity (b = �.400,
t(33) = �2.510, p = .017; Fig. 12). This association remained signifi-
cant when controlling for age, BMI, caregiver status, AD use, and
fasting IL-1b baseline. Furthermore, as we hypothesized that pro-
inflammatory activity may be an important biological mechanism
mediating relationships between POS and depressive risk, relations
between POS and DIDS were examined. There was a significant
effect, such that decreasing POS was associated with greater DIDS
(b = �.355, t(29) = �2.047, p = .050), consistent with the notion that
poor maintenance of POS may place individuals at risk for future
increases in depressive symptoms. This association remained
borderline significant (p 6 .08) when controlling for all covariates
sequentially as well as basal IDS.3 No evidence of moderating effect
of being a caregiver was found.

3.5. H1 follow-up analyses: affective versus cognitive components of
positive arousal

As a follow-up analysis, we investigated whether the affective
or cognitive subscales of POS provided a stronger or more specific
determinant of pro-inflammatory reactivity and future depressive
symptoms. Greater acute stress-induced declines in positive affect
were significantly associated with increases in pro-inflammatory
reactivity (b = �.403, t(33) = �2.526, p = .017), and a trend toward
increases in depressive symptoms, per DIDS (b = �.313,
t(29) = �1.772, p = .087). The decrease in positive cognitive assess-
ments of one’s ability to handle the speech stress task was associ-
ated with borderline significant effects on IL-1b reactivity
(b = �.298, t(33) = �1.791, p = .082) and no significant effects on



Table 2
Pro-inflammatory reactivity to acute stress at the baseline visit predicts increases in depressive symptoms 1 year later.

Outcome: one-year increase in depressive symptoms Standardized coefficient (b) T-test (df) P-value

Unadjusted model (Df = 29)
Interleukin (IL)-1b reactivity 0.621 4.261 0.001**

Model adjusting for basal factors (Df = 22)
Fasting basal IL1B �0.068 �0.490 0.629
Basal depressive symptoms �0.361 �2.602 0.016*

IL-1b reactivity 0.609 4.347 0.001**

Full model adjusting for covariates (Df = 25)
Age 0.068 0.468 0.644
Body mass index 0.284 1.951 0.062�

Caregiving 0.216 1.255 0.221
Antidepressant use 0.005 0.034 0.973
IL-1b reactivity 0.501 3.227 0.003*

Df = degrees of freedom. All models were inputted as regression analyses, in which covariates or basal factors were entered in block 1 and IL-1b reactivity was entered in block
2. IL-1b reactivity represents the change in IL-1b levels from right before the acute stress task to 50 min later. Increases in depressive symptoms were quantified as the
increase in symptom scores on the Inventory for Depressive Symptoms from the baseline visit to 1 year later.
** p 6 .01.
* p 6 .05.
� p 6 .07, critical alpha = .05.
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DIDS (b = �.288, t(29) = �1.623, p = .116). In sum, the effect sizes
suggest that decreases in positive affect were a stronger predictor
of both pro-inflammatory reactivity to stress and future depressive
symptom risk than changes in positive cognitive appraisals of one’s
ability to perform well in the stress task.

3.6. Hypothesis 2: IL-1b reactivity to acute stress and 1-year increases
in depressive symptoms

Pro-inflammatory IL-1b reactivity was associated with
increases in depressive symptoms 1 year later (b = .621, t(29) =
4.261, p < .01), and remained significant when controlling for age,
BMI, caregiver status, AD use,4 basal IL-1b and baseline IDS scores
(all p’s < .01; see Table 2 for unadjusted, basal and full models).
Entering covariates sequentially to retain power, BMI was the only
covariate that was significantly associated with DIDS (b = .290,
t(28) = 2.095, p = .045). As expected, basal IDS scores were signifi-
cantly associated with DIDS (p < .01), such that individuals with
higher levels of depressive symptoms at baseline exhibited lesser
increases, which may represent a natural course of remission or
regression to the mean. No significant caregiver status by IL-1b reac-
tivity interaction was found (p = .549), indicating that this relation-
ship was not moderated by caregiving. Depressive symptoms at
the baseline visit were not cross-sectionally associated with circulat-
ing levels of IL-1b (p = .601).

3.7. Mediation analyses

We additionally tested the possibility that pro-inflammatory
reactivity mediated the relationship between maintenance of a
positive outlook during stress and future increases in depressive
symptoms. No covariates were included, as they did not affect
the significance of the main results and would reduce power. The
significance of the indirect mediation path was tested using a Sobel
Test (1982), which was bootstrapped in order to remedy any con-
cerns about the power of mediation tests in small samples or
assumptions about the sampling distribution of the indirect effect
(Hayes, 2009). The indirect effect was significant (Indirect path
coefficient B(SE) = �1.194 (0.549), p = .0305; Fig. 2).
4 IL-1b remained a significant predictor of DIDS when either (1) statistically
controlling for basal AD use and changes in AD use or (2) dropping participants taking
ADs from the analysis.

5 A trend toward significance was also evident when all covariates were entered
(p = .09), suggesting that including all covariates reduced power but did not
drastically change the pattern of results.
3.8. Tests of cytokine specificity

We hypothesized that IL-1b is a particularly important cytokine
for regulating neuroinflammatory and behavioral responses to
stress. To explore the specificity of IL-1b, we also examined
whether IL-6 reactivity was associated with POS decline and found
no significant association. In addition, IL-6 reactivity was not a
significant predictor of DIDS, alone, or in the full model (full mod-
el: b = .254, t(25) = 1.539, p = .137), although the direction of the
effect was similar. While it is possible that IL-6 may have been a
significant predictor of DIDS with a greater sample size, IL-1b
had a larger effect in this sample.

4. Discussion

These data are the first to demonstrate that individual differ-
ences in the maintenance of a positive outlook in the midst of a
stressful experience are associated with stress-induced pro-inflam-
matory IL-1b reactivity, which in turn, prospectively predicts
future increases in depressive symptoms 1 year later among
post-menopausal women. These results contribute to and extend
the growing body of evidence that suggests the possibility that
pro-inflammatory cytokines may play a causal role in depression
(Dantzer et al., 2008; Miller et al., 2009). While preliminary, these
data raise the possibility that individuals who maintain hope, chal-
lenge and confidence during stress may be at lower risk for future
depressive symptoms. If confirmed and further developed, this line
of research could lead to novel integrative treatments, potentially
targeting mastery or stress-resilience on one hand and inflamma-
tory responses on the other.

Including the current study, three separate studies of older
adults have now found that pro-inflammatory cytokines of the
IL-1 family were prospectively associated with the development
of, or increases in, future depressive symptoms (Milaneschi et al.,
2009; van den Biggelaar et al., 2007), although the methods of
cytokine assessment varied (i.e., circulating, in vitro, or acute
stress-induced reactivity). In a previous study of older adults,
in vitro LPS-induced production of IL-1ra and IL-1b prospectively
predicted future increases in depressive symptoms over 5 years
(van den Biggelaar et al., 2007). Another cross-sectional study re-
ported higher circulating levels of IL-1b among older adults with
MDD compared to controls, which correlated with the duration
and severity of the episode (Thomas et al., 2005). Interestingly,
the same study found no differences in circulating IL-1b when
comparing patients with subsyndromal depression to controls.



Fig. 2. Pro-inflammatory IL-1b reactivity mediates the relationship between loss of positivity during acute stress & future depressive symptom increases. ⁄⁄p 6 .01, ⁄p 6 .05.
Bootstrapped linear regression analyses of the indirect effect (Hayes, 2009; Sobel, 1989) were used to test the hypothesis that pro-inflammatory reactivity to acute stress is a
significant mediator of the relationship between loss of a positive outlook during acute stress and prospective risk of depressive symptom increases. Loss of a positive outlook
was quantified as the decrease in positive affect and cognitions (POS) during the acute stress task. The indirect effect was significant: B(SE) = �1.194 (0.549), ⁄p = .030.
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We also did not find a concurrent relationship between circulating
IL-1b levels and depressive symptoms at the baseline visit, which
could potentially reflect the fact that depressive symptoms were
generally subclinical in this sample. In sum, future research should
examine the extent to which IL-1b and IL-1ra production in re-
sponse to either acute laboratory stress or mitogen stimulation
may represent a trait-like predisposing factor for depressive
disorders.

These findings extend the literature showing that positive affect
and cognitions may represent unique components of psychobio-
logical resilience (Marsland et al., 2007; Steptoe et al., 2009). If
confirmed, the current data may have implications for the preven-
tion and psychological treatment of depression. Whereas tradi-
tional Cognitive Behavioral Therapy for mood disorders focuses
on reframing ‘‘maladaptive cognitions’’ that promote negative
affect, these data suggest that interventions should additionally
target the ability to maintain positive affect during stress. A meta-
analysis of 51 positive psychology interventions also concluded
that treatment methods that cultivated positive feelings, behaviors
and cognitions were effective in decreasing depressive symptoms
(Sin and Lyubomirsky, 2009). Resilience is conceptualized as a
dynamic process that occurs through interactions with stressors
in the environment (Luthar et al., 2000). The validation check
comparing this positive outlook measure with the PANAS positive
affect scale revealed that the dynamics of a positive outlook during
acute stress appear to provide a different index than an average
level of positive affect over a week. Thus, assessing changes in
positive affect and cognitions during acute stress may provide a
snap-shot of psychobiological stress-resilience.

An important contribution of the current study is to help place
this PsychoNeuroImmunological model of brain-immune interac-
tions into a clinical and translational context (Irwin and Miller,
2007). Although many studies of acute stress-induced cytokine
reactivity have been conducted, only a handful of studies have
shown that it predicts important clinical or health outcomes
(e.g., Brydon and Steptoe, 2005). The data herein are consistent
with a theoretical model in which psychological factors influence
cytokine reactivity, which in turn acts on the brain, forming a
bidirectional circuit in which brain-immune interactions are
quantified with dynamic markers (e.g., stress-induced change)
(Aschbacher and Kemeny, 2011).

The present study has several important limitations. First, the
current data are based on depressive symptoms, which are subclin-
ical in the sample as a whole, rather than on clinical diagnoses of
MDD. Nonetheless, over one-third of the sample at baseline met cri-
teria for subthreshold depression, which is clinically relevant as it is
associated with functional impairment (Karsten et al., 2010). A few
individuals in the sample were taking anti-depressant medications;
however, the pattern of results remained significant when AD use
was statistically controlled for and also when these individuals
were dropped. While no moderating effects of caregiving were
found in these analyses, their presence in the sample raises
possibility that the results may be influenced by the higher preva-
lence of chronically stressed individuals. Although the mediation
model implies that psychological responses to acute stress influ-
ence cytokine reactivity, the true causal direction cannot be in-
ferred from this data and may even be bidirectional. Finally, it is
important to recognize that there are limitations with multiplex
cytokine assays including the one used in this study (Breen et al.,
2011), which could potentially explain the failure to detect IL-6
effects. While these findings need further replication and investiga-
tion in a larger sample addressing the aforementioned limitations,
they are nonetheless a valuable complement to and extension of
the existing literature on cytokines and depressive symptoms.

In sum, maintaining a positive outlook during a stressful event
may help protect against heightened pro-inflammatory activity
and depressive symptoms. To our knowledge, this study is the first
to show that individual differences in IL-1b reactivity to acute
stress were prospectively associated with increases in depressive
symptoms 1 year later. If replicated, these data suggest that IL-1b
reactivity to acute stress may serve as a marker to identify which
individuals are at greatest risk for stress-induced depression. Novel
integrative approaches to treating depressive symptoms could
potentially involve bolstering skills to maintain positivity under
stress on the one hand, and pharmacotherapeutic interventions
targeting immune responses on the other (Miller et al., 2009; Wol-
kowitz et al., 2011).
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