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Abstract

 Purpose—Breast cancer diagnosis and treatment are associated with increased inflammatory 

activity, which can induce sickness symptoms. We examined whether emotional acceptance 

moderates the association between proinflammatory cytokines and self-reported sickness 

symptoms in women recently diagnosed with breast cancer.

 Methods—Women (N = 136) diagnosed with stage 0-III breast cancer within the previous 6 

months provided plasma samples and completed the FACT: Physical Well-Being Scale, as well as 

the Acceptance of Emotion Scale every 3 months for 2 years. At each time point, we quantified 

interleukin (IL)-6, IL-8, IL-10, and tumor necrosis factor (TNF)-α using a high sensitivity 

multiplex assay.

 Results—Higher within-subject mean TNF-α across all time-points predicted higher mean 

sickness symptoms. At individual time-points, higher IL-6 and IL-8 levels were associated with 

higher sickness symptoms. Mean emotional acceptance across all time-points moderated the 

relationship between mean IL-8 and sickness symptoms, with sickness symptoms remaining 

persistently high in women with low emotional acceptance even when IL-8 levels were low. At 

individual time-points, emotional acceptance positively moderated the correlations of IL-8 and 

TNF-α with sickness symptoms, such that the associations between higher levels of these 
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proinflammatory cytokines and higher sickness symptoms were attenuated when emotional 

acceptance was high.

 Conclusion—Emotional acceptance was shown for the first time to moderate the associations 

of cytokines with sickness symptoms in breast cancer patients over time following diagnosis and 

treatment. The association between emotional acceptance and sickness symptoms was 

significantly different from zero but relatively small in comparison to the range of sickness 

symptoms. Results suggest that targeting emotion regulation may help to break the cycle between 

inflammation and sickness symptoms in women with breast cancer.
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 1. Introduction

Breast cancer, its treatment, and the associated emotional experiences can influence immune 

system activity (1). Malignant tumor cells and immune cells at the site of the tumor can 

secrete proinflammatory and immune activating cytokines, creating the systemic 

paraneoplastic immune response now documented as a consistent pattern in cancer, 

including increases in macrophage infiltrating factor, tumor necrosis factor (TNF)-α, 

interleukin (IL)-6, IL-8, IL-10, IL-18, and transforming growth factor (TGF)-β (2). 

Additionally, cancer treatments such as radiation therapy and chemotherapy can stimulate 

the immune system to produce proinflammatory cytokines (3). Furthermore, the threats to a 

woman's goals from breast cancer generate strong and persistent negative emotions, which 

are associated with inflammatory activity through autonomic and hormonal pathways, as 

well as behavioral pathways such as poor sleep quality (4-7).

Heightened proinflammatory activity can, in turn, induce symptoms such as feeling 

physically ill, fatigued, and experiencing pain (8-10). This constellation of symptoms is 

known as “sickness behavior” and is thought to reflect an adaptive, acute phase state in 

which the body mounts an organized biological response to defend against a pathogenic 

threat (9, 11, 12). Sickness behaviors, in turn, can increase inflammatory responses in the 

body (6), ultimately forming a vicious inflammation-sickness cycle. Although sickness 

behavior is believed to be an adaptive response to infectious agents, it may be detrimental in 

cancer patients when activation of the peripheral immune system and/or emotional distress 

continues unabated and exacerbates the inflammation-sickness cycle, ultimately taxing the 

person's resources (13). Sickness behavior in animal models parallels symptom expression in 

cancer patients, including physical symptoms such as pain, nausea, wasting/cachexia, and 

fatigue (11). Inflammation and symptoms associated with sickness behavior can have 

profound effects on patients’ lives; interrupting this cycle could improve the quality of life 

and, potentially, the survival of breast cancer patients (14-17).

The present study focuses on effective emotion regulation as one way to attenuate this 

vicious cycle. Emotion regulation is the process by which individuals influence which 

emotions they have, when they have them, and how they experience and express them (18). 

Emotion regulation can occur before (“antecedent” focused), during, or after (consequent-
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focused) an emotional response has been generated (19). Effective emotion regulation, 

whereby individuals regulate their emotions in a way that supports their goals and maintains 

physiological equilibrium, may buffer against the psychological and physiological 

consequences of emotional distress related to breast cancer diagnosis and treatment, while 

ineffective regulation may exacerbate it (20-22).

Emotional acceptance (EA) is an important emotion regulation process that involves a 

willingness to feel both positive and negative emotions and to allow emotions to develop and 

dissipate without attempts to control, change, or reject them (23). In breast cancer patients, 

EA is related to lower distress (23-25), fewer depressive symptoms (26), and increased 

positive benefit finding (i.e., perceived positive changes and experiences, including, for 

example, greater purpose in life and closer relationships) (27). Importantly, EA is also 

associated with increased survival following breast cancer diagnosis (17). Little is known, 

however, of the role that EA may play in the inflammation-sickness cycle in which 

inflammatory cytokines contribute to feelings of sickness and fatigue.

The purpose of the current study, therefore, was to conduct a secondary data analysis to 

examine whether emotional acceptance alters the association between proinflammatory 

cytokines and sickness symptoms in women with breast cancer. We hypothesized that higher 

levels of circulating cytokines would be associated with more sickness symptoms, but these 

associations would be attenuated at high levels of emotional acceptance. Put another way, 

higher levels of emotional acceptance will moderate the association between inflammation 

and sickness symptoms in breast cancer patients.

 2. Materials and methods

 2.1. Participants

Participants included a sample of 136 women (Age = 56 years ± 9.8; Mean time between 

diagnosis and initial visit = 1.7 months, range = 0.2 – 5.2 months) who were diagnosed with 

Stage 0 (n = 25), I (n = 55), IIA (n = 31), IIB (n = 15), IIIA (n = 7), or IIIB (n = 1) breast 

cancer. Additional demographic information is provided in Table 1.

 2.2. Procedures

Participants were recruited from the Multidisciplinary Breast Oncology Clinic at the Arizona 

Cancer Center. Research staff identified consecutive (within scheduling constraints), 

potentially eligible patients via medical records, and informed consent was obtained in 

accordance with procedures approved by the Human Subjects Protection Committee of the 

University of Arizona prior to any data collection. Eligibility criteria were: new diagnosis or 

first recurrence/second primary of invasive breast cancer (Stage 0-3), study entry session 

within six months following cancer diagnosis, and English literacy. Any standard medical 

treatment for cancer was allowed, as was additional medication. Exclusion criteria were: 

younger than 21 years; inability to provide informed consent.

Self-report questionnaires and plasma samples were collected at the initial visit and then 

again approximately every 3 months for 2 years, for up to 9 data collection time points 

(mean number of time points = 7.6). Collection time points were not anchored to key points 
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in the treatment trajectory. However, at each time point/visit, participants reported whether 

or not they had received chemotherapy and/or radiation treatment sometime during the 3 

months prior (i.e., since the last time point assessed). Breast cancer treatment information 

and comorbid medical diagnoses were obtained from medical chart review at the end of data 

collection for each subject. Supplemental material presented in Table 3 describes additional 

information regarding the clinical sample and characteristics of breast cancer treatment.

 2.3. Measures

We incorporated both a between-person and within-person perspective to assess how, on 
average, cytokines and emotional acceptance were associated with sickness symptoms, as 

well as how women's fluctuations over time in cytokines and emotional acceptance, relative 

to their own means, were associated with their sickness symptoms (28-30). Thus, for each 

woman, we calculated her mean level of cytokines and emotional acceptance by averaging 

her values for that variable across all of her time points. We also calculated person-centered 
values of each woman's cytokines and emotional acceptance by subtracting her mean value 

for that variable from each of her individual observations (at each time point) for that 

variable. Thus, any individual time point lower than the woman's mean value would have a 

person-centered value less than zero, and any time point higher than the woman's mean 

value would have a person-centered value greater than zero.

 2.3.1. Sickness symptoms—Functional Assessment of Cancer Therapy: Physical 

Well-Being Scale (FACT-PWB) assessed sickness symptoms and their effects on physical 

functioning (31). The scale includes the following 7 items: “I have a lack of energy”, “I have 

nausea”, “I feel sick”, “Because of my physical condition, I have trouble meeting the needs 

of my family”, “I have pain”, “I am bothered by the side effects of treatment”, and “I am 

forced to spend time in bed.” Responses ranged from 0 for “not at all” to 4 for “very much.” 

Higher scores (sum of 7 responses, range 0-28) indicate more sickness symptoms, and a 

change of ≥ 1.8-points in the overall level of this scale (i.e., not in the person-centered 

context) is considered clinically significant (32). Previous research has demonstrated that the 

sickness behavior cluster, including symptoms addressed by this scale (e.g., pain, lack of 

energy, etc.), can be used as a framework to explain many of the symptoms associated with 

cancer and cancer treatment (11, 16, 33). Nevertheless, sickness behavior is a broadly 

defined term that includes symptoms, experiences, and impact on functioning; the current 

study focused more specifically on symptoms associated with physical functioning. In the 

current study, the internal reliability of the total sickness symptoms scores over time 

(indicative of reliability between participants) was high ( coefficient = 0.89). Internal 

reliability of the person-centered sickness symptoms scores over time (indicative of 

reliability within participants) was also good ( coefficient = 0.79).

 2.3.2. Emotional acceptance—Emotional acceptance was assessed with the 

Acceptance of Emotion Scale (AES) (17, 23). This scale assesses the extent to which 

participants are accepting, friendly, and nurturing toward their own feelings in general, as 

opposed to their emotional acceptance specifically toward cancer-related emotions. 

Nevertheless, given the context of the study, we expect variation in emotional acceptance to 

be substantially impacted by cancer-related experiences. Thirteen items include statements 
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such as, “I naturally and easily attend to my feelings,” “I allow myself to be in touch with 

my feelings because it is very good for me”, and “Knowing they are ‘not perfect’, I am 

comfortable with my feelings as they are.” Participants indicate the percentage of time they 

believe the statement is true for themselves, ranging from 0 for “never” to 100 for “almost 

always.” The total score is the average for the 13 items (range 0 – 100) and higher scores 

indicate more emotional acceptance. In the current study, the internal reliability of the mean 
emotional acceptance scores over time (indicative of reliability between participants) was 

high ( coefficient = 0.97). Internal reliability of the person-centered emotional acceptance 

scores over time (indicative of reliability within participants) was also high ( coefficient = 

0.87).

 2.3.3. Inflammatory cytokines—Plasma samples were collected from EDTA-treated 

whole blood at each study visit, and frozen at −80°C until assayed; all time points for an 

individual subject were assayed together in the same 96-well plate to minimize the effects of 

inter-assay variability. As previously described (34), circulating levels of interleukin (IL)-1β, 

IL-2, IL-6, IL-8, IL-10, TNF-α, and IFN-γ were assayed with a high sensitivity bead-based 

multiplex assay (R&D Systems) with a Bio-Plex 200 (Luminex) Instrument, Bio-Plex 

software v4.1, and a 5-parameter logistic curve fit. All multiplex assays were performed on 

plasma samples diluted 2-fold according to the manufacturer's protocol, and all calculated 

concentrations generated by the BioPlex Manager software were included in data analyses. 

This R&D Systems multiplex assay has been shown to have excellent intra- and inter-assay 

reproducibility in a recent temporal stability study of circulating cytokine levels (35) and 

very strong correlations (r ≥ .94) across a wide range of concentrations with high sensitivity 

ELISA kits from the same manufacturer (36). Due to the strength of the parent study design, 

which utilized up to nine repeated measures of cytokine values for each subject, each time 

point was evaluated in a single determination. The lower limit of detection was defined as 

the lowest calculated value obtained on any sample (0.4 and 0.5 pg/mL for IL-8 and TNF-α, 

respectively, and 0.1 pg/mL for all others); calculated concentrations <0.1 pg/mL were 

considered below the limit of detection (35). Due to the low percentage of IFN-γ (47%), 

IL-2 (75%), and IL-1β (77%) with detectable levels, as well as the low IL-2 and IL-1β 

concentrations of the samples that were detectable, these biomarkers were excluded from the 

data analyses. Table 2 presents detectability information and descriptive statistics on 

cytokines included in analyses (i.e., IL-8, TNF-α, IL-6, and IL-10). Samples with 

undetectable values for IL-6 and IL-10 were substituted with one-half the concentration of 

the minimum calculated value per analyte, per plate. Depending on the plate, substituted 

values ranged from 0.08 – 0.27 pg/mL for IL-6 (2% of values) and from 0.05 – 0.12 pg/mL 

for IL-10 (10% of values). No samples were undetectable for TNF-α and IL-8. Using these 

value substitutions is more appropriate than treating the samples with undetectable values as 

missing at random (37). Immune variables were natural log-transformed before analyses. 

For tables and figures, immune data have been back-transformed to original values and, in 

the case of person-centered immune data, expressed as a difference from the mean.

 2.3.4. Comorbid medical conditions—The Functional Comorbidity Index (FCI) (38) 

quantifies the number of chronic medical conditions for each subject. It was developed and 

validated for use to adjust for comorbid disease in epidemiologic studies in which physical 

Reed et al. Page 5

Brain Behav Immun. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



function is an outcome measure. The index quantifies the total number of the following 

sixteen categories of medical conditions: 1) arthritis (rheumatoid and osteoarthritis); 2) 

osteoporosis; 3) asthma; 4) chronic obstructive pulmonary disease, acquired respiratory 

distress syndrome, or emphysema; 5) angina; 6) congestive heart failure (or heart disease); 

7) heart attack; 8) neurological disease (such as multiple sclerosis or Parkinson's); 9) stroke 

or TIA; 10) peripheral vascular disease; 11) diabetes types I and II; 12) upper 

gastrointestinal disease (ulcer, hernia, reflux); 13) visual impairment (cataract, glaucoma, 

macular degeneration); 14) hearing impairment (very hard of hearing, even with hearing 

aids); 15) degenerative disc disease; and 16) obesity (body mass index >30). Other medical 

conditions associated with inflammation not captured in this index for one or more of the 

participants in the current study (as indicated) included: Sjogren's syndrome, psoriasis (n=2), 

inflammatory bowel disease, sarcoidosis, and iritis.

 2.3.5. Demographic characteristics—Age, education, ethnicity, race, and marital 

status were assessed (Table 1). Marital status was characterized according to first versus 

subsequent marriage, in addition to the usual categories. This is based on recent findings that 

individuals who experienced relationship disruption, such as a divorce, reported worse 

health including 20% more chronic conditions compared to individuals who remained in 

their first marriage (39); Although remarriage was better for health than other types of 

relationship statuses (e.g. remaining unmarried), the authors concluded that “those who 

married once and remained married are consistently, strongly, and broadly advantaged” ((39)

(39)(39)p. 356).

 2.4. Statistical Analyses

Tables 1 and 2 present descriptive information for all study variables. To test our hypothesis, 

we used multilevel models to account for the repeated measures nested within individuals. 

We implemented the models with the lme function from the nlme package (version 3.1-118) 

in R (version 3.0.3). A maximum likelihood estimation procedure and unstructured matrix 

for the random components were specified in all of the models. Within-person residuals 

were treated as identical and independently distributed. Analyses first established the 

functional form over time of the dependent variable (sickness symptoms) and identified 

related covariates of sickness symptoms. Next, we included the between-person predictors 

(mean cytokines and mean emotional acceptance) and the within-person predictors (person-

centered cytokines and person-centered emotional acceptance) in the models as fixed effects.

 2.4.1. Functional form—To establish the functional form across time for the dependent 

variable (sickness symptoms), we started with a model that included the intercept, linear, 

quadratic, and cubic time as both fixed and random effects, but the model did not converge. 

Removing the random effect of cubic time allowed for convergence, thus, in the final model 

it was only included as a fixed effect. Next, we examined demographic and treatment 

variables (age, ethnicity, education, relationship status, race, comorbidity, current disease 

stage, cancer treatment type, time-varying chemotherapy and radiation treatment occasions, 

and time between diagnosis and initial assessment) in separate models as predictors of 

sickness symptoms. Those that either had main effects, or interacted with linear, quadratic, 

or cubic time were included as controls in subsequent models.
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 2.4.2. Predictive models—After determining the functional form, we estimated 

separate models to test associations of mean or person-centered cytokines (IL-6, IL-8, IL-10, 

or TNF-α values), predicting sickness symptoms over time, moderated by mean or person-

centered emotional acceptance. All between-person models (i.e., mean level predictors) also 

controlled for person-centered levels of cytokines and emotional acceptance, and all within-

person models (i.e., person-centered predictors) also controlled for mean levels of cytokines 

and emotional acceptance.

The Level 1 equation for the predictive model is represented below.1 The “pc” variables 

refer to the person-centered (or within-person) versions of the variables. The “mean” 

variables refer to the mean (or between-person) versions of the variables.

The Level 2 equation for the predictive model is presented below. The intercept, linear time, 

and quadratic time were estimated as random effects and improved model fit.

 3. Results

 3.1. Missing Data

Missingness at any time point (i.e., visits 1-9) was not predicted by cancer treatment, cancer 

stage, age, nor mean levels of EA, interleukin (IL)-8, IL-10, or tumor necrosis factor (TNF)-

1Section 3.2 explains the choice of variables in this equation.
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α. However, missingness was predicted by mean levels of sickness symptoms (i.e., a one-

unit increase in self-reported sickness symptoms was associated with 17% increase in the 

odds of being missing), and by mean levels of IL-6 (i.e., a one-unit increase in natural-log 

transfored-IL-6, or a 2.72 increase in IL-6 pg/mL, was associated with a 94% increase in the 

odds of being missing). Rather than biasing results in an undesirable way, this pattern of 

missingness makes it less likely for us to find support for our hypotheses, due to the 

restricted range on the key variables.

 3.2. Effects of Time and Demographic/Medical Variables on Sickness Symptoms

The fixed effects of linear (b=1.01, 95% CI [0.378, 1.633], t(850) =3.14, p =.002), quadratic 

(b = −0.43, 95% CI [−0.621, −0.245], t(850)= −4.51, p<.001), and cubic (b =0.04, 95% CI 

[0.022, 0.053], t(850)=4.66, p<.001) time, centered around the initial visit, were all 

significant main effect predictors of sickness symptoms. Cancer treatment type (i.e., 

chemotherapy, radiation, both, or neither) interacting with linear time (F(3, 841)=3.99, p=.

008) and cubic time (F(3, 841)=3.97, p=.008) was a significant predictor of sickness 

symptoms (Figure 1). Additionally, time-varying chemotherapy (but not radiation) treatment 

occasions predicted sickness symptoms (b=2.88, t(844)=8.20, p=.000). Other predictors of 

sickness symptoms were age (b= −0.06, t(134)=2.04, p=.043), the number of medical 

comorbidities (b=1.68, t(134)=6.98, p=.000), and relationship status (F(5,840) =3.86, p=.

002; i.e., married women in their first marriage reported significantly lower sickness 

symptoms than divorced women). No other demographic and treatment variables were 

significantly associated with sickness symptoms.2 Continuous variables were centered 

around their respective means for inclusion in models.

 3.3. Effects of Cytokines and Emotional Acceptance on Sickness Symptoms3

 3.3.1. Cytokines: Mean levels across time and person centered levels—
Overall, IL-8 increased over time (linear: b=0.15, 95% CI [0.024, 0.291], t(610)=2.31, p=.

021), and TNF-α showed significant cubic growth over time (cubic: b=0.002, 95% CI 

[0.001, 0.004], t(610)=2.96, p=.003). Women with higher average TNF-α across all time 

points reported higher mean sickness symptoms across time (b=1.66, 95% CI [0.067, 3.255], 

t(84)=2.03, p=.046). There were no other significant effects of mean level cytokines 

predicting sickness symptoms.

For a given woman, time-points with higher than her average IL-6 and IL-8 values were 

associated with more self-reported sickness symptoms for that woman, compared to her 

2Cancer disease stage did not significantly predict sickness symptoms, emotional acceptance, nor any cytokines. Cancer disease stage 
was trending to be associated with IL-8 (F(4,91)=2.46, p=.051) such that Stage I and Stage IIB reported significantly higher levels of 
IL-8 than Stage 0.
3We also ran these analyses in the opposite direction (i.e., predicting emotional acceptance from mean and person-centered cytokines 
and sickness symptoms). The results from these analyses provide some support for the cyclical associations among inflammation and 
emotional acceptance. Specifically, mean IL-8 was positively associated with emotional acceptance (b=7.77, 95% CI [1.42, 14.12], 
t(92) = 2.42, p=.018). Person-centered IL-8 and TNF-α were negatively associated with emotional acceptance (IL-8: b=−3.58, 95% CI 
[−5.56, −1.60], t(568) = −3.52, p=.001; TNF-α b=−4.23, 95% CI [−6.96, −1.50], t(568) = −3.03, p=.003). Results suggest that in 
general, women with higher overall IL-8 may have had more of a need to regulate their emotions and thus had higher emotional 
acceptance, but at individual time points (i.e., within-person), a woman may have had a harder time accepting her emotions (i.e., lower 
emotional acceptance) when her IL-8 and TNF-α levels were higher than average. Mean and person-centered versions of sickness 
symptoms did not significantly predict emotional acceptance.
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average sickness symptoms: IL-6 (b=0.44, 95% CI [0.003, 0.882], t(556)=1.93, p=.053), and 

IL-8 (b=1.01, 95% CI [0.339, 1.678], t(556) =2.92, p=.004).

 3.3.2. Emotional Acceptance: Mean levels across time and person centered 
levels—There was no significant change in EA over time, however there was variability in 

EA both between participants and from time to time (intra-class correlation: 0.76). Mean 

level EA did not significantly predict sickness symptoms (b = 0.00, 95% CI [−0.027, 0.032], 

t(125) = 0.16, p = .87), but person-centered EA did (b = −0.02, 95% CI [−0.047, −0.001], 

t(815) = −2.06, p = .039). For a given woman, time-points with higher than average EA 

values were associated with lower sickness symptoms for that woman, compared to her 

average sickness symptoms.

 3.4. Moderation Effect of Emotional Acceptance on Associations Between Mean or 
Person-Centered Time-Varying Cytokines and Sickness Symptoms

To provide a sense of relative magnitude of effects, we report both unstandardized (b) and 

standardized betas (B) for the simple slopes involved in significant interactions and provide 

interpretations in original scale units. All significant interactions were probed using the 25th 

percentile for low levels of the variables and 75th percentile for the high levels of the 

variables, following methods outlined by Aiken and West (40).

 3.4.1. Mean emotional acceptance and cytokines—Mean EA significantly 

moderated the association between mean IL-8 and sickness symptoms (b=.06, 95% CI 

[0.020, 0.103], t(83) = 2.90, p= .005). As shown in Figure 2, when average EA was high, 

overall IL-8 levels correlated with sickness symptoms (b = 1.75, B= .19, p= .040). A 1 SD 

decrease in mean IL-8 was associated with a 0.9 unit decrease (18%, given the 5-point scale) 

in sickness symptoms for women reporting high mean EA. In contrast, women reporting low 

mean EA had persistently high sickness symptoms regardless of mean IL-8 levels (b = .15, 

B= .02, p= .81).

 3.4.2. Person-centered time-varying emotional acceptance and cytokines—
At individual time-points, person-centered EA significantly moderated the associations 

between IL-8 (b = −0.05, 95% CI [−0.101, −0.006], t(555) = −2.14, p= .033) and TNF-α (b 

= −0.13, 95% CI [−0.242, −0.015], t(555)= −2.18, p= .030) and sickness symptoms. For a 

given woman, higher than average IL-8 (Figure 3) and TNF-α (Figure 4), relative to her own 

cytokine means, were associated with higher than average sickness symptoms at times when 
her emotional acceptance was lower than average (IL-8: b = 1.34, B=.10, p= .000; TNF-α: b 

= 1.20, B= .06, p = .032). However, cytokines and sickness symptoms were not associated at 

times when her emotional acceptance was higher than average. In terms of magnitude of 

effects, when women reported lower than their own average EA, a 1 SD increase in their 

cytokine level was associated with a 0.5 unit increase (9%, given the 5-point scale) in 

sickness symptoms for IL-8, and 0.3 unit increase (6% given the 5-point scale) in sickness 

symptoms for TNF-α. When women reported higher than average EA, sickness symptoms 

were not significantly associated with person-centered IL-8 (b=.73, B=.054, p=.057), nor 

TNF-α (b= .05, B= .003, p= .93); a 1 SD increase in the person-centered cytokine was 

associated with a 0.3 unit change (5% given the 5-point scale) in sickness symptoms for 
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IL-8, but only a 0.01 unit change (0.3% given the 5-point scale) in sickness symptoms for 

TNF-α.

 4. Discussion

This study confirms previous reports that biomarkers of increased inflammation, specifically 

proinflammatory cytokines TNF-α and IL-6 and the inflammation-associated chemokine 

IL-8, are associated with sickness behaviors (e.g., feeling physically ill) in women with 

breast cancer (1, 3). More importantly for the hypotheses of this study, these data provide the 

first evidence that emotional acceptance attenuates these associations; at time points when a 

given woman increases her acceptance of emotion as compared to her usual functioning, the 

association between inflammatory biomarkers and sickness behaviors is no longer present. 

Consistent with our hypothesis, variation in EA moderated the linkage of IL-8 and TNF-α 

with sickness symptoms at certain times. In other words, when emotional acceptance 

dropped below average for a given woman, higher levels of IL-8 and TNF-α at that time 

point were associated with more self-reported sickness symptoms. In contrast, when 

emotional acceptance increased above average, there was no association between IL-8 or 

TNF-α and sickness symptoms. This variability in the coupling of IL-8 and TNF-α and 

sickness symptoms suggests a novel mechanism through which a feedback loop of stress-

inducing sickness behaviors and inflammation might be interrupted.

The within-person results (i.e., variation of the inflammatory biomarker/sickness symptom 

linkage at different time points) reflect changes from a woman's average level of EA. 

However, these results occurred in the context of a different pattern of associations at the 

average levels of IL-8. Average sickness symptoms were high in subjects whose EA was 

persistently low, regardless of their average levels of IL-8. These results are consistent with 

the well-documented association of low EA and negative mood (22), which is known to 

perpetuate sickness symptoms (41). Low average EA perpetuated sickness symptoms after 

accounting for the linked covariation of IL-8 and symptoms, but this linkage of low average 

EA with higher average symptoms seems to have remained suppressed by the stronger 

influence of average TNF-α on average symptom levels. These results should be interpreted 

with caution, however, because mean levels of EA were not associated with sickness 

symptoms overall and the association of sickness symptoms with the mean level of TNF-α 

was not moderated by EA. Additional research is needed to compare and contrast the 

influences of emotion regulation and proinflammatory cytokines, and their interaction, on 

sickness symptoms.

Overall, IL-8 and TNF-α, but not IL-6 increased over the year following breast cancer 

diagnosis in this sample. For TNF-α and IL-8, these results and the parallel increases of their 

average levels with average sickness symptoms are consistent with previous reports (42, 43). 

Additionally, breast cancer tumor cells produce IL-8 (2). IL-8 is an activator and 

chemoattractant for neutrophils and activated neutrophils release a cascade of inflammatory 

cytokines, suggesting a chain of tumor secretion of IL-8 to increased inflammation. The lack 

of increase in average IL-6 for breast cancer patients is not consistent with the majority of 

studies, although other null results have been reported (44). The 94% increased likelihood of 
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missing data for subjects with high levels of IL-6 at their sampled time points may have 

contributed to this outcome.

A number of plausible behavioral, psychological, and physiological mechanisms may help 

to explain why effective emotion regulation may attenuate this vicious cycle, whereas 

ineffective regulation could exacerbate it (45). The ability to regulate emotions effectively 

may contribute to fewer disruptions in goal-directed behavior, including health-promoting 

behaviors (46, 47). (However, emotion regulation strategies that are typically considered as 

effective, such as emotional acceptance, may not be as adaptive in circumstances in which 

they prevent resources from being used that could help to manage a controllable illness.) 

Additionally, failure to appropriately regulate strong or persistent negative emotions may 

hinder cognitive-emotional functioning and contribute to depressive symptoms (48) (49), 

which are known to be associated with greater sickness symptoms. Furthermore, ineffective 

emotion regulation may also directly disrupt biological functioning, including contributing 

to decreased parasympathetic nervous system activity, along with heighted activity in the 

sympathetic nervous system, hypothalamic-pituitary-adrenal axis, and immune system 

(50-53). The findings from the present study help to clarify the role of emotional acceptance, 

and emotion regulation more broadly, in potentially mitigating the vicious inflammation-

sickness cycle that breast cancer patients may experience.

Lastly, in the present study, we focus on emotional acceptance as an effective emotion 

regulation strategy to attenuate the effects of inflammation on sickness symptoms. However, 

inflammation and sickness symptoms may also be antecedents of emotional acceptance and 

other forms of emotion regulation, thus creating a circular, bi-directional process. Although 

the present study focused on one part of the cycle in which emotional acceptance is effective 

in a shorter time frame at downregulating the effects of inflammation on sickness symptoms, 

we found some support for the circularity of these associations.2 Interventions such as 

Acceptance and Commitment Therapy (ACT) (54) and Barlow's Unified Protocol for 

Transdiagnostic Treatment of Emotional Disorders (55) have been demonstrated to increase 

emotional acceptance in conjunction with decreasing experiential avoidance (56, 57). A 

recent meta-analysis of ACT found it to be effective for reduction of somatic complaints in 

an analysis of 15 studies with 683 participants (Hedges’ g = 0.58, SE =0.13, 95% CI: 0.33–

0.84, p < 0.001) (58). Experimental medicine interventions to test therapies to increase 

acceptance of emotion are important future steps for testing the mechanisms by which 

emotion regulation may be effective in uncoupling the linkage of inflammation and sickness 

behavior.

 4.1. Strengths and Limitations

Strengths of the current study include the within-person design, which is similar to a time-

series design used in quasi-experimental studies, only sans manipulation of an independent 

variable, as well as the use of a multiplex immunoassay. Although enzyme linked 

immunosorbent assay (ELISA) is the most widely used and best validated method for 

measuring cytokines, it is limited due to only being able to measure a single protein at a time 

(59). An important part of the process in the current study was to determine which cytokines 

were detectable and told a coherent story. For example, IFN-γ, IL-2, and IL-1β were not 

Reed et al. Page 11

Brain Behav Immun. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



used in analyses due to a low percentage of detectable values. In a recent study that used the 

multiplex immunoassay of cytokines in breast cancer patients undergoing chemotherapy, 

Cheung and colleagues (60) found a substantial portion of IL-2 and IFN-γ concentrations 

were also below the detection limit. Additionally, a previous study using the same multiplex 

method found a similar proportion of non-detectable IL-1β values (35). Apart from IFN-γ, 

IL-2, and IL-1β, we found that almost all of the other cytokines assayed in the multiplex 

(IL-6, IL-8, and TNF-α) played a coherent role in the story, as hypothesized – either as a 

main effect (at the mean or person-centered level), or as an interaction effect with emotional 

acceptance in predicting sickness symptoms. Interestingly, the only cytokine not associated 

with variables of interest was IL-10, which is predominantly considered an anti-

inflammatory cytokine and is reported to exert tumor inhibiting action on breast cancer (61). 

An important direction for future research will be to take a systems perspective and unpack 

the associations among multiple cytokines, assessed using multiplex immunoassays, to 

better understand whether certain cytokines are unique contributors to sickness symptoms in 

different contexts, or whether other emotion regulatory strategies moderate different 

cytokines.

Limitations of the current study include the lack of an emotion measure to sufficiently 

determine if emotional acceptance was effective in decreasing negative affect, as well as 

focus on a single emotion regulation strategy, emotional acceptance. Other emotion 

regulation strategies that have been found to be effective in decreasing psychological distress 

in breast cancer patients include emotional expression (62) and positive reappraisal (26, 27, 

63). As such, these strategies may also positively influence the inflammation-sickness cycle, 

whereas less effective emotion regulation strategies (e.g., suppression, repression, avoidance, 

cognitive perseveration) may exacerbate it (64-69). However, we did not have measures of 

other emotion regulation strategies and identify this as a future research direction.

Sample and study characteristics are also worth mentioning: participants were somewhat 

ethnically diverse but racially homogenous, which may be due to the study having employed 

only a single site for assessment. Given the nature of secondary data analysis, other 

potentially relevant covariates (e.g., socioeconomic status) were not available for inclusion 

in analyses in the current sample. Additionally, the current study focused on sickness 

symptoms that were most closely aligned with physical functioning and not representative of 

other symptoms associated with sickness, such as loss of interest in activities, fever, and 

sleep changes. Fully capturing “sickness behavior”, given its polymorphous meaning, is a 

challenge. Nevertheless, effective emotion regulation would likely influence not only 

functional, but also other symptoms associated with sickness behavior, and future research 

that takes an integrative approach to measure sickness behavior and its association with 

emotion regulation is needed.

These findings of increased sickness symptoms in women who received chemotherapy 

and/or radiation treatment, as compared to those who did not, or on assessment occasions 

associated with chemotherapy administration, are consistent with reports of increased 

inflammation associated with Adriamycin and taxanes (70). In depth assessment of 

inflammatory markers potential mediation of this association is beyond the scope of this 

investigation but marks an important question that we will examine in future analyses.
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Lastly, the observational nature of the study prevents us from establishing causality between 

higher levels of proinflammatory cytokines, low EA, and more sickness symptoms. 

Nevertheless, they suggest increases in EA may be beneficial for women with breast cancer, 

by interrupting the link between inflammatory cytokines and sickness behaviors. Analyses 

demonstrated relevant demographic characteristics and treatment variables do not account 

for the associations.

 5. Conclusions

The present study extends previous work and demonstrates that proinflammatory cytokines 

are associated with more sickness symptoms in women with breast cancer. Importantly, 

however, when controlling for relevant demographic variables, emotional acceptance 

moderates the associations between cytokines and sickness symptoms such that, for a given 

woman, higher than average emotional acceptance attenuates the linkage of proinflammatory 

biomarkers (IL-8 and TNF-α) with sickness symptoms. These data suggest novel directions 

for emotion regulation and breast cancer research and, if replicated, would support the 

exploration of emotional acceptance interventions for treating sickness symptoms among 

women with breast cancer.
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Highlights

• Inflammation was associated with more sickness symptoms in breast cancer 

patients.

• On average, low emotional acceptance predicted high sickness symptoms 

across inflammatory levels.

• Within-person, higher emotional acceptance attenuated effects of 

inflammation on sickness.
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Figure 1. 
Pattern of Sickness Symptoms over time (visits 1-9) by cancer treatment group. Error bars 

represent standard errors. Time scale begins at diagnosis and the interval between visits was 

3 months.
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Figure 2. 
Simple slopes depicting the two-way interaction between mean interleukin(IL)-8 and mean 

emotional acceptance.
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Figure 3. 
Simple slopes depicting the two-way interaction between person-centered interleukin (IL)-8 

and person-centered emotional acceptance.
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Figure 4. 
Simple slopes depicting the two-way interaction between person-centered tumor necrosis 

factor (TNF)-α and person-centered emotional acceptance.
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Table 1

Participant Demographics, Treatment Variables, and Questionnaire Mean Scores

M SD Range

Age (years) 55.7 9.8 27.0 – 83.0

Time between diagnosis and initial visit (months) 1.7 1.1 0.2 – 5.2

Number of Comorbid medical conditions 1.2 1.1 0 – 5

Sickness Symptoms (FACT-PWB)

Overall mean 
1 5.0 4.8 0.0 – 27.0

Person-specific mean 
2 5.1 3.6 0.2 – 21.7

Person-centered 0.0 3.2 −11.0 – 16.3

Emotional Acceptance score

Overall mean 
1 72.8 19.3 0.0 – 100.0

Person-specific mean 
2 73.0 17.2 15.5 – 100.0

Person-centered 0.0 8.7 −40.4 – 45.5

N % (out of N=136)

Race

American Indian/Alaskan Native 1 0.7

Asian 2 1.5

Black/African American 1 0.7

White 132 97.1

Ethnicity

Hispanic 17 12.5

Relationship Status

Cohabiting 17 12.5

Divorced 22 16.2

Single 7 5.1

Widowed 3 2.2

Married (1st marriage) 59 43.4

Married (2nd marriage) 28 20.6

Education

Some college or higher 121 89

Less than college 15 11

Stage of Cancer

0 25 18.4

I 55 40.5

IIA 31 22.8

IIB 15 11.0

IIIA 7 5.1

IIIB 1 0.7

Missing 2 1.5
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N % (out of N=136)

Treatment Condition

Chemotherapy only 28 20.6

Radiation only 37 27.2

Chemotherapy and Radiation 37 27.2

Neither chemotherapy or radiation 34 25.0

Note. M = mean; SD = standard deviation.

1
Scores averaged across all women and time points

2
Scores averaged over (up to) 9 time points for each woman
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Table 2

Circulating Levels of Immune System Cytokines

Cytokine Overall Detectability
a

Overall Mean (SD)
a
, pg/mL Person-Specific Mean (SD)

b
, 

pg/mL

25th, 75th percentile Person-

Centered
c
, pg/mL

IL-1β 77%
NI

d
NI

d
NI

d

IL-2 75%
NI

d
NI

d
NI

d

IL-6 98% 3.4 (2.8) 2.5 (2.0) −0.2, 0.3

IL-8 100% 6.6 (9.8) 5.1 (1.7) −0.2, 0.2

IL-10 90% 1.2 (2.7) 0.5 (2.7) −0.2, 0.3

TNF-α 100% 8.5 (3.6) 7.9 (1.4) −0.1, 0.1

IFN-γ 47%
NI

d
NI

d
NI

d

a
Overall percent of samples with detectable levels of cytokine, and mean (standard deviation) cytokine levels from all women with cytokine data 

across all time points (n = 97, total samples = 710)

b
Mean (standard deviation) cytokine levels from all women with cytokine data averaged over (up to) 9 time points for each woman

c
Within each woman, person-centered values for each cytokine were calculated by subtracting her mean cytokine values (averaged across all her 

time points) from each of her corresponding cytokine observations; 25th and 75th percentiles of person-centered cytokine values are shown for all 
women with cytokine data

d
NI = not included in analyses due to low detectability
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