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Abstract 

Chronic inflammation in women diagnosed with breast cancer is critically linked with tumor 

progression, metastasis, and survival.  C-reactive protein (CRP)—a circulating marker of 

inflammation—is an important prognostic marker for cancer-related outcomes in breast cancer 

survivors (e.g. recurrence, fatigue).  Psychological stress, which increases circulating markers of 

inflammation following sympathetic nervous system (SNS) activation, may modulate tumor-

relevant inflammatory processes.  However, little is known about neural mechanisms that might 

link stress and downstream SNS-initiated proinflammatory processes, such as elevated CRP.  

Past work suggests that threat-related neural regions, such as the amygdala, may be key in 

translating psychological stress into SNS activity and subsequent peripheral inflammation.  Thus, 

we examined amygdala reactivity to socially threatening stimuli in association with perceived 

stress and plasma CRP levels to further elucidate neuro-immune pathways of social threat 

processing within breast cancer survivors (N=37).  Significant positive correlations were found 

between left amygdala reactivity in response to socially threatening stimuli (e.g. angry/fearful vs. 

happy faces) and perceived stress in the previous month (r=0.32, p=0.025), and between left 

amygdala reactivity and CRP (r=0.33, p=0.025).  This work builds on prior research implicating 

the amygdala as a key structure in cross-talk between threat-related neural circuitries and 

peripheral inflammation, particularly within cancer survivors. 

Keywords: CRP, perceived stress, amygdala, social threat, breast cancer  

Associations between amygdala reactivity to social threat, perceived stress, and C-reactive 

protein in breast cancer survivors 

Introduction 
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 Chronic inflammation is critically linked with clinical outcomes such as mortality in 

those diagnosed with breast cancer (Pierce et al., 2009).  Circulating markers of peripheral 

inflammation, such as C-reactive protein (CRP), are considered important prognostic markers 

tied to a variety of cancer-related outcomes in breast cancer survivors, including fatigue, tumor 

progression, cancer recurrence, as well as overall mortality (Kaur et al., 2019; Orre et al., 2011; 

Pierce et al., 2009).  Experiences of both acute and chronic psychological stress have been shown 

to be related to elevated circulating markers of inflammation (Danese, Pariante, Caspi, Taylor, & 

Poulton, 2007; Steptoe, Hamer, & Chida, 2007).  Thus, psychological stress may play a role in 

driving tumor-relevant inflammatory processes (Moreno-Smith, Lutgendorf, & Sood, 2010).  

Despite the identified prognostic value of inflammatory markers for breast cancer survivors, the 

neural mechanisms that might translate experiences of psychological stress into downstream 

proinflammatory processes remain poorly understood.  Here, we examine whether the amygdala, 

a neural region that may be critical in neuro-immune crosstalk, might play a role in the link 

between stress and inflammation in a sample of breast cancer survivors. 

 

Inflammation, psychological stress, and cancer 

Chronic inflammation is a key regulator of cancer development and tumor progression 

(Coussens & Werb, 2002; de Visser, Eichten, & Coussens, 2006).  The role of inflammation 

within cancer is extensive, such that inflammatory cytokines and cells have been identified as 

key contributors to all stages of tumor progression and proliferation (Coussens & Werb, 2002; 

Wu & Zhou, 2009).  Thus, circulating markers of inflammation, such as C-reactive protein 

(CRP), are now considered clinically valuable markers that can supplement traditional screening 

methods for important cancer-related outcomes.  For example, CRP has been linked with various 
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outcomes related to breast cancer, the most prevalent cancer in women worldwide.  Elevated 

CRP is associated with cancer metastasis (Kaur et al., 2019), as well as increased overall 

mortality (Pierce et al., 2009), in those diagnosed with breast cancer.  Even within breast cancer 

survivors who are considered disease-free, CRP remains linked with cancer-related clinical and 

behavioral outcomes.  Elevated CRP is associated with increased likelihood of cancer recurrence 

(Kaur et al., 2019; Pierce et al., 2009), as well as greater levels of fatigue (Orre et al., 2011).  

Thus, CRP is associated with a variety of outcomes related to breast cancer, particularly post-

treatment, and is thus an important prognostic marker for breast cancer survivors in particular. 

Experiences of acute and chronic psychological stressors, via activation of the 

sympathetic nervous system (SNS), have been shown to increase circulating markers of 

inflammation, including CRP (Gouin, Glaser, Malarkey, Beversdorf, & Kiecolt-Glaser, 2012; 

Steptoe et al., 2007).  Given that CRP has been consistently linked with cancer-related outcomes 

such as tumor progression, psychological stress (and the associated SNS response) may play a 

role in driving tumor-relevant inflammatory processes (Moreno-Smith et al., 2010).  In line with 

this, more chronic or prolonged psychological stress has been linked with tumor growth and 

metastasis, which contributes to reduced survival rates in those diagnosed with breast cancer 

(Chida, Hamer, Wardle, & Steptoe, 2008; Moreno-Smith et al., 2010).  Additionally, SNS 

activation more broadly is known to promote tumor progression and metastasis on a molecular 

level via changes in gene expression (Cole, Nagaraja, Lutgendorf, Green, & Sood, 2015).  This 

link between SNS activation and tumor progression has been demonstrated in various animal 

models of cancer (Palermo-Neto, de Oliveira Massoco, & Robespierre de Souza, 2003; Thaker et 

al., 2006), including breast cancer (Campbell et al., 2012; Sloan et al., 2007).  However, little is 

known about the neural mechanisms that might translate psychological stress into these 
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downstream SNS-initiated proinflammatory processes, such as elevated CRP, that ultimately 

have implications for survivors. 

 

Threat-related amygdala activity and SNS responding 

Neural regions involved in signaling potential stress or threats, such as the amygdala 

(Eisenberger, 2012; Mobbs et al., 2009; Whalen et al., 2001), are promising candidates for 

exploring potential neural mechanisms that might contribute to SNS-initiated proinflammatory 

processes that occur in response to stress.  Supporting the amygdala‘s role in SNS responding, 

stimulating the amygdala leads to increases in blood pressure, while lesions to the amygdala 

have the opposite effect, attenuating SNS responses to aversive stimuli (Delgado, Olsson, & 

Phelps, 2006).  The amygdala is also associated with physiological responses during fear 

conditioning, such that greater amygdala activity in response to aversive stimuli is associated 

with greater skin conductance responses (SCR), an index of SNS activity (Phelps, Delgado, 

Nearing, & LeDoux, 2004).  In addition, the amygdala has strong, efferent projections to regions 

that are integral in activating the SNS following a potential stressor (e.g. hypothalamus, 

brainstem) (Delgado et al., 2006; LeDoux, Iwata, Cicchetti, & Reis, 1988).  Finally, animal work 

has shown that threat-induced disease outcomes (e.g. inflammatory-related gastric ulcers) may 

be attenuated following lesions to the amygdala (Henke, 1982), underscoring the clinical 

relevance of threat-related amygdala activity. 

Thus, the amygdala may be a key neural structure supporting the bidirectional link 

between psychological stress and inflammation, particularly for cancer survivors.  In line with 

this idea, greater amygdala reactivity to social threat is associated with elevated inflammation in 

breast cancer survivors (Muscatell, Eisenberger, Dutcher, Cole, & Bower, 2016).  Interestingly, 
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this work highlights that associations between amygdala reactivity and inflammation appear 

stronger in cancer survivors relative to a healthy control group, suggesting that crosstalk between 

threat-related neural circuitries and peripheral inflammation may be amplified within cancer 

populations (Muscatell, Eisenberger, et al., 2016).  However, such findings linking threat 

reactivity and inflammation in breast cancer survivors remain preliminary, as this previous work 

utilized a small sample of breast cancer survivors (N = 15).  Further, very few studies to date 

have probed neuro-immune interactions in breast cancer survivors.  Thus, this work will serve to 

replicate and extend such findings in a larger, independent sample of breast cancer survivors. 

 

The current study 

Based on this past research, we examined whether the amygdala might play a role in 

translating experiences of prolonged psychological stress into heightened levels of inflammation.  

To do this, female breast cancer survivors completed a neuroimaging study in which they viewed 

socially threatening stimuli (fearful and angry faces), a task known to activate the amygdala 

(Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002; Mattavelli et al., 2014; Morris et al., 

1996).  We then examined: 1) whether greater levels of perceived stress over the past month 

were associated with greater activity in the amygdala in response to the socially threatening 

images and 2) whether greater activity in the amygdala in response to socially threatening images 

was associated with higher circulating levels of CRP.  

Methods 

Participants 

Participants consisted of 45 female breast cancer survivors.  Seven participants were 

excluded from analyses for various reasons: did not complete the neuroimaging task (n = 2), 
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severe signal dropout in the neuroimaging data due to technical issues related to the scanner (n = 

3), neuroimaging session ended prematurely due to overheating concerns (n = 1), and missing 

CRP data due to not completing the blood draw (n = 1).  One additional participant was deemed 

a multivariate outlier (described below), and was also removed from analyses.  Thus, the final 

sample consisted of N = 37 participants. 

Participants were recruited via the UCLA Tumor Registry, newspaper advertisements, re-

contacting participants from past research studies, and word-of-mouth referrals.  In order to be 

eligible for the study, participants had to be 18 years of age or older, fluent in English, and have 

no current diagnosis of major psychiatric illness.  Additionally, individuals must have been 

diagnosed with early stage breast cancer (stages 0-IIIA), completed any radiation or 

chemotherapy between 3 months and 10 years ago, and not currently have cancer of any type.  

Finally, due to restrictions for the neuroimaging portion of the study, participants were not 

eligible if they had any nonremovable metallic implants, were pregnant or trying to become 

pregnant, had severe claustrophobia, or were left-handed.  Eligibility was confirmed through a 

telephone screening prior to their session.  The UCLA IRB approved all study procedures, and 

all participants provided written informed consent. 

 

Procedures 

Overview 

After confirming eligibility, sessions were scheduled between 8:00 AM and 12:00 PM.  

Upon arriving to UCLA,  participants provided a blood sample for circulating inflammatory 

markers, which were collected by venipuncture into tubes containing ethylenediaminetetraacetic 

acid (EDTA), placed on ice, centrifuged for acquisition of plasma, and stored at -80°C for 
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subsequent batch testing.  Next, participants underwent an fMRI scan while they completed a 

threat reactivity task designed to elicit amygdala activation.  Following the scan, participants 

completed the Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983), a questionnaire 

measure of perceptions of stress.  Participants were then debriefed and dismissed. 

Threat-Reactivity Task and Image Acquisition 

To examine amygdala reactivity, participants underwent a functional MRI scan while 

they completed a standard threat-reactivity task that is widely used in the affective neuroscience 

literature to elicit amygdala activation.  Specifically, participants viewed blocks of threatening 

facial expressions (e.g. fearful, angry) from a standardized stimulus set (Tottenham et al., 2009), 

and viewed blocks of non-threatening facial expressions (e.g. closed-mouth happy, hereafter 

simply referred to as ‗happy‘), which served as the comparison condition (Inagaki, Muscatell, 

Irwin, Cole, & Eisenberger, 2012; Morris et al., 1996; Phillips et al., 1998).  Each block lasted 30 

s, followed by 12 s of fixation crosshair.  During each block, participants were instructed to 

passively view 15 faces for 1.5 s each.  Participants completed two blocks of each facial 

expression (fearful, angry, happy), in one of two pseudo-randomized orders. 

Imaging data were acquired using a Siemens Prisma 3.0 Tesla MRI scanner at the UCLA 

Brain Mapping Center.  First, we acquired a T1-weighted MPRAGE anatomical image for 

functional image registration and normalization (slice thickness = 0.9 mm, 192 slices, TR = 2300 

ms, TE = 2.32 ms, flip angle = 8°, matrix = 256 × 256, FOV = 240 mm).  Then, we acquired 175 

functional T2-weighted EPI volumes (slice thickness = 3 mm, gap = 1 mm, TR = 2000 ms, TE = 

24 ms, flip angle = 90°, matrix = 64 × 64, FOV = 200 mm).  EPI volumes were collected within 

a single run. 

Perceptions of Stress 
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To measure the degree to which participants appraised situations in everyday life as 

stressful, we administered the Perceived Stress Scale (Cohen et al., 1983).  This 10-item scale (α 

= .911) asked participants to report on their subjective experiences of stress over the last month 

(e.g., ―In the last month, how often have you found that you could not cope with all the things 

that you had to do?‖, ―In the last month, how often have you felt difficulties were piling up so 

high that you could not overcome them?‖).  Items were answered on a 0 (never) to 4 (very often) 

scale with higher scores indicating greater perceived stress. 

Inflammatory Assessment 

Plasma CRP levels were determined by enzyme-linked immunosorbent assays (R&D 

Systems Human Quantikine ELISA; Minneapolis, MN) according to the manufacturer‘s 

instructions, but with a sample dilution of 1:500 and an extended standard curve to yield a lower 

limit of detection of 0.2 mg/L.  All samples were run in duplicate, with intra- and inter-assay 

coefficients of variation of <4%, based on an internal quality control sample included on every 

assay plate. 

 

Data Analysis 

Neuroimaging data were pre-processed and analyzed using Statistical Parametric 

Mapping (SPM12; Wellcome Department of Cognitive Neurology, London, UK).  Pre-

processing included image realignment to correct for head motion, co-registration of the 

structural MPRAGE to the mean functional image.  Images were then normalized to Montreal 

Neurological Institute (MNI) space using diffeomorphic anatomical registration through 

exponentiated lie (DARTEL) algorithms (resampled at 3 × 3 × 3 mm), and spatially smoothed 

using a 5 mm Gaussian kernel, full width at half maximum, to increase signal-to-noise ratio. 
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Following pre-processing, a general linear model was constructed for each participant, in 

which activation during each 30 s block of the task was convolved with a canonical 

hemodynamic response function.  Three regressors coded for the type of block (angry, fear, 

happy faces), and we included the six motion parameters as covariates.  In cases where motion of 

more than 1 mm from one volume to the next was detected, individual nuisance regressors were 

added to remove such images from analyses.  For each model, the time series was high-pass 

filtered using a 128 Hz function, and serial autocorrelation was modeled as a first order 

autoregressive process.  Following estimation, we computed linear contrasts for each participant 

that compared BOLD signal during the threat reactivity trials (e.g. angry faces + fearful faces) to 

BOLD signal during non-threat trials (e.g. happy faces).  Contrast images for each participant 

were then entered into random effects analyses at the group level for statistical inference. 

We focused specifically on this threat vs. non-threat contrast in order to isolate activity 

related to social threat, over and above activity that may be involved in more general processing 

of face stimuli or social information.  Although separately comparing each face condition (threat, 

non-threat) to implicit baseline may seem to provide clarity on which face condition may be 

driving effects, we find the interpretation of such comparisons problematic.  In the present study, 

the implicit baseline condition reflects activity while viewing a fixation cross, and it is unclear 

what activity during this condition reflects.  Most importantly, such baseline comparisons would 

not allow us to examine activity specific to social threat (controlling for more basic processes, 

such as viewing face stimuli).  Thus, we focus on the threat vs. non-threat comparison, given that 

the tighter control condition of non-threatening faces (as opposed to fixation cross) allows us to 

better isolate the phenomena of interest, as well as provide meaningful interpretations results. 

D
ow

nloaded from
 https://academ

ic.oup.com
/scan/advance-article-abstract/doi/10.1093/scan/nsz103/5732466 by U

C
LA D

igital C
ollections Services user on 17 February 2020



 11 

Given our a priori hypotheses regarding the associations between inflammation and 

neural activity in the amygdala, we conducted region-of-interest (ROI) analyses focusing on the 

left and right amygdala.  Amygdala ROIs were defined anatomically based on the Automated 

Anatomical Labeling atlas.  Mean parameter estimates were extracted from the amygdala ROIs 

for each participant, and entered into SPSS 25 for further analysis.  Due to directional hypotheses 

and convention, all statistical tests investigating activity within ROIs are thresholded at p < .05, 

one-tailed. 

One participant was a multivariate outlier when examining perceived stress and CRP in 

combination with each amygdala ROI (Mahalanobis distance p < .001).  This participant was 

thus excluded from analyses, leaving N = 37 for all reported analyses. 

Given known associations between CRP and body mass index (BMI), all results 

involving CRP are reported controlling for BMI.  For the small number (n = 2) of samples with 

CRP concentrations below the limit of detection (0.2 mg/L), a value equal to one-half the lower 

limit (0.1 mg/L) was assigned.  Inflammatory data were positively skewed, so raw values were 

natural log-transformed to normalize the distribution prior to statistical testing. 

We examined associations between perceived stress, amygdala reactivity, and CRP by 

conducting Pearson correlations.  To examine potential differences between associations with 

left and right amygdala activity, we utilized Fisher‘s z for dependent correlations (Lee & 

Preacher, 2013).  

Results 

Participants (N = 37) were, on average, 52.5 years of age (SD = 8.5; range: 32-65 years), 

and the majority of women (81.1%) identified as Caucasian.  Over half (64.9%) of participants 

were employed at the time of the study, and an additional 10.8% were retired.  Further 
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demographic and treatment-related information for the final sample is summarized in Table 1 

and Table 2, respectively. 

First, we examined main effects of amygdala activity in response to the two conditions of 

interest, threatening faces and non-threatening faces.  Both the threat and non-threat conditions 

resulted in significant amygdala activity relative to implicit baseline (threat: left amygdala, t(36) 

= 3.78, p < .001; right amygdala, t(36) = 6.52, p < .001; non-threat: left amygdala, t(36) = 2.74, p 

= .005; right amygdala, t(36) = 3.70, p < .001).  Overall amygdala activity was not significantly 

different when viewing threatening (vs. non-threatening) facial expressions (left amygdala, t(36) 

= –.03, p = .49; right amygdala, t(36) = 0.52, p = .30).  Although there were no overall 

differences between amygdala activity to threatening vs. non-threatening faces, our primary 

interest in the present study was to examine whether threat-related amygdala activity (in 

response to threatening vs. non-threatening faces) was associated with perceived stress and CRP.  

It should be noted that age was positively correlated with threat-related amygdala activity (left: 

r(35) = .274, p = .050; right: r(35) = .335, p = .021).  Additionally, employment status 

(employed vs. retired/other) was significantly related to both perceived stress (t(18.52) = 2.154, p 

= .045) and threat-related amygdala activity (left: t(35) = 1.620, p = .057; right: t(35) = 2.355, p 

= .012), such that employed participants had lower stress and lower amygdala activity.  

However, controlling for age and employment status in analyses did not change results.  (No 

other demographic or socioeconomic variables collected were related to perceived stress or 

threat-related amygdala activity.)  Thus, uncontrolled results are presented below (except where 

controlling for BMI in analyses involving CRP). 

We next examined whether perceived stress over the previous month was associated with 

amygdala activity while viewing threatening faces vs. non-threatening faces.  Correlational 
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analyses revealed a significant, positive correlation between perceived stress and left amygdala 

reactivity to threatening (vs. non-threatening) faces, r(35) = .323, p = .025 (Fig. 1).  A similar 

pattern was found for right amygdala activity, such that greater perceived stress was associated 

with greater right amygdala activity in response to threat.  However, for right amygdala, this 

association did not reach statistical significance, r(35) = .205, p = .111. 

Since left amygdala activity in particular was significantly associated with perceived 

stress, we performed exploratory analyses to examine whether the associations with left 

amygdala were significantly stronger than those with right amygdala, as similar patterns have 

been reported previously (Muscatell et al., 2015; Muscatell, Eisenberger, et al., 2016).  However, 

the strength of the association between perceived stress and left amygdala compared to that of 

perceived stress and right amygdala was not significantly different (Fisher‘s z = 1.27, two-tailed 

p = .21). 

Next, we examined circulating levels of inflammation, as indexed by plasma CRP.  On 

average, the women in the present sample had CRP levels of 2.20 mg/L (SD = 2.94 mg/L), 

falling within the range considered average inflammation and average cardiac risk (1-3 mg/L).  

However, there was a wide range in the values of plasma CRP within the sample (0.1 to 13 

mg/L).  Just over half of the sample (54%, n = 20) had CRP levels less than 1 mg/L 

(corresponding to low inflammation); 19% (n = 7) of women had CRP levels between 1 and 3 

mg/L (average inflammation); and 27% (n = 10) had CRP levels greater than 3 mg/L (high 

inflammation).  This ample variability allowed us to examine associations with neural activity 

across a wide range of CRP levels. 

We then examined whether amygdala activity was associated with circulating levels of 

inflammation, as indexed by plasma CRP.  In line with hypotheses, greater left amygdala activity 
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in response to threat (vs. non-threatening faces) was associated with greater levels of CRP, r(34) 

= .329, p = .025 (Fig. 2).  A similar, but trending, pattern was found for right amygdala activity 

and CRP, r(34) = .240, p = .079.  As with perceived stress, associations between amygdala 

activity and CRP were not significantly different between left and right amygdala (Fisher‘s z = 

1.01, two-tailed p = .32). 

Given that perceived stress was positively correlated with amygdala activity, which was 

in turn positively associated with CRP, we then considered testing whether heightened amygdala 

activity may serve as a mediator.  However, perceived stress was not significantly associated 

with CRP, r(34) = .087, p = .615.  Given this null association between predictor and outcome, we 

could not explore amygdala activity as a potential mediator of the relation between perceived 

stress and CRP. 

Discussion 

 The primary goal of the present work was to examine amygdala reactivity to social threat 

in breast cancer survivors, focusing on associations with perceived stress, as well as associations 

with a circulating marker of inflammation, CRP.  Results indicated that breast cancer survivors 

who reported greater levels of perceived stress in the preceding month showed greater amygdala 

reactivity to social threat, particularly in the left amygdala.  Additionally, those who showed 

greater amygdala reactivity to social threat demonstrated higher levels of CRP, in line the idea 

that, within breast cancer survivors in particular, neural activity in threat-related regions may be 

linked to peripheral inflammation. 

 Associations between amygdala activity in response to social threat and CRP have been 

demonstrated in prior work in a small (N = 15) sample of breast cancer survivors.  Thus, in 

addition to replicating this finding in a larger, independent sample, the current findings extend 
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this line of work by additionally linking perceived stress in the past month with such heightened 

amygdala activity in response to threat.  This adds to growing evidence that the amygdala 

appears to be a key region involved in neuro-immune crosstalk.  Specifically, the amygdala may 

be involved in translating psychological experiences of stress into downstream outcomes such as 

peripheral inflammation, which ultimately have been linked with important clinical outcomes 

within cancer populations. 

In our results, left amygdala activity was more strongly tied to perceived stress and CRP, 

relative to right amygdala.  Although exploratory follow-up analyses determined that the strength 

of the correlations for left and right amygdala were not significantly different from each other, 

past work has found similar trends.  For example, left amygdala activity in response to threat 

correlates with SNS-related responses (e.g. SCR), while right amygdala activity is not 

significantly correlated with SNS threat responses (Phelps et al., 2001).  Additionally, left (but 

not right) amygdala activity correlates with inflammatory responses to stress (Muscatell et al., 

2015).  Within breast cancer survivors, Muscatell and colleagues (2016) reported significant 

associations between amygdala reactivity and CRP for left amygdala, while associations for right 

amygdala generally did not reach significance. 

However, it should be noted that some past work in undergraduate samples has not been 

consistent in this regard.  For example, Swartz and colleagues (2017) found that in undergraduate 

men, but not women, threat-related amygdala activity was associated with higher levels of CRP.  

Although this study identified more robust right amygdala effects, significant effects in the left 

amygdala were also found when the sample was restricted to men without psychiatric diagnoses 

(matching an exclusion criteria that was utilized in the present study).  Women in this previous 

undergraduate sample may not have shown the same associations as in the present sample due to 
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differences in several demographic and health factors (e.g. age, cancer status, range of observed 

CRP values, presence of psychiatric diagnoses). 

In sum, our findings are consistent with the past literature in breast cancer survivors, 

which shows that although associations between right amygdala and inflammatory markers are 

sometimes weaker, left and right amygdala typically show similar trends with inflammatory 

markers.  Taken together, these findings may suggest that left amygdala activity in particular 

may be more tightly linked with SNS stress responding, and a key region involved in modulating 

stress-induced peripheral inflammation.  However, future work will be key in clarifying the role 

of amygdala lateralization in relation to experiences of stress and downstream inflammatory 

outcomes.  

Data from this study should be interpreted in light of some important limitations.  Due to 

the correlational and cross-sectional nature of the present work, inferences about the 

directionality of our reported findings cannot be made with confidence.  We have focused on the 

hypothesis that psychological stress, via the SNS response, may lead to heightened amygdala 

reactivity in the course of initiating a stress response, ultimately leading to elevated levels of 

CRP.  However, the perceived stress, amygdala reactivity, and CRP metrics were derived from a 

single session, and the bidirectionality of neuro-immune pathways is well-documented.  While 

inflammation can occur following psychological distress or heightened threat-related neural 

activity, inflammation may also act as a precursor to both distress and threat-related neural 

activity.  For example, increases in inflammation have been linked with greater subsequent 

feelings of social disconnection and depressed mood (Eisenberger, Inagaki, Mashal, & Irwin, 

2010).  Past work has also demonstrated that experimentally heightened inflammation can lead to 

increased threat-related amygdala reactivity (Inagaki et al., 2012; Muscatell, Moieni, et al., 
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2016).  Thus, heightened inflammation, as represented here by plasma CRP, may act as both a 

cause and consequence of perceived stress and heightened threat-related neural activity.  

However, given that the present measure of perceived stress was retrospective and captured 

levels of perceived stress within the preceding month, we suspect that greater perceived stress 

may precede our observed heightened threat-related amygdala reactivity to social threats.  

Finally, additional variables that were not measured in the present sample, such as contraceptive 

use, may have influenced CRP levels (Dreon, Slavin, & Phinney, 2003; Williams, Williams, 

Milne, Hancox, & Poulton, 2004). 

Despite these limitations, results from the present study add to a growing literature that 

suggests an important linkage between neural and immune outcomes, particularly within cancer 

survivors.  This work builds on prior research that implicates the amygdala as a key structure in 

threat-related neural circuitries and peripheral inflammation, specifically linking perceived stress 

to amygdala reactivity to social threat.  Furthermore, we demonstrate associations between 

perceptions of stress and heightened amygdala activity in response to threat, as well as 

replicating prior work linking CRP—an inflammatory marker critically linked with cancer-

related outcomes—and heightened social threat-related amygdala reactivity, within a sample of 

breast cancer survivors.  In sum, data from the present study suggest that breast cancers survivors 

who experience greater levels of psychological stress may be further sensitized to social threats, 

as demonstrated by heightened amygdala activity.  Further, such heightened amygdala activity 

may coincide with greater levels of inflammation (e.g. CRP), which is likely to have implications 

for breast cancer recurrence and survivorship. 
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Table 1. Demographic information. 

Characteristic N %  

Age (years)   

30-39 3 8.1 

40-49 11 29.7 

50-59 11 29.7 

60-69 12 32.4 

Ethnicity   

Caucasian 30 81.1 

Latina 3 8.1 

African American 2 5.4 

Asian 2 5.4 

Hispanic 6 16.2 

Employment status   

Employed 24 64.9 

Retired 4 10.8 

Other 9 24.3 

Family Income
a
   

≤ $29,999 3 8.1 
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$30,000 – $49,999 4 10.8 

$50,000 – $69,999 5 13.5 

$70,000 – $99,999 9 24.3 

$100,000 – $149,999 4 10.8 

≥ $150,000 10 27.0 

 

Note. N = 37 unless otherwise noted. 
a
2 participants declined to report income. 

Table 2. Treatment-related information. 

Characteristic N %  

Stage
a
   

0 5 13.5 

I 9 24.3 

II 17 45.9 

III 5 13.5 

Radiation
b
 18 48.6 

Endocrine therapy
b
 21 56.8 

Herceptin
b
 6 16.2 

Chemotherapy
c
 19 51.4 

 

Note. N = 37 unless otherwise noted. Reported numbers and percentages reflect those who 

indicated they underwent radiation, endocrine therapy, or chemotherapy, or took Herceptin, 

during the course of their breast cancer treatment. 
a
Data missing/unknown for 1 participant. 

b
Data missing/unknown for 6 participants. 

c
Data missing/unknown for 7 participants. 

Figure 1. Perceived stress in breast cancer survivors is positively correlated with amygdala reactivity to 

threat. Correlations are shown between perceived stress over the previous month and parameter estimates 

for left amygdala reactivity (p = 0.025) and right amygdala reactivity (p = 0.111) to threatening (vs. 

nonthreatening) faces. Brain image depicts a highlighted cross-section of the amygdala ROI. 

D
ow

nloaded from
 https://academ

ic.oup.com
/scan/advance-article-abstract/doi/10.1093/scan/nsz103/5732466 by U

C
LA D

igital C
ollections Services user on 17 February 2020



 25 

 

Review 
Figure 2. Circulating CRP level in breast cancer survivors is positively correlated with amygdala reactivity to 

threat. Correlations are shown between plasma levels of CRP and parameter estimates for left amygdala 

reactivity (p = 0.025) and right amygdala reactivity (p = 0.079) to threatening (vs. non-threatening) faces. 

CRP values were natural log-transformed for analysis and plotting, but the vertical axis is labeled with 

nontransformed values for ease of interpretation. Brain image depicts a highlighted cross-section of the 

amygdala ROI 
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