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Abstract 
Background Breast cancer survivors often experience many somatic and cognitive side effects resulting from their cancer diagnosis and treat-
ment, including higher rates of pain, fatigue, and memory/concentration problems. Emotion regulation offers opportunities to either enhance or 
dampen physical health.
Purpose In a secondary analysis of a double-blind randomized controlled trial (RCT) using a typhoid vaccine to assess factors associated with 
breast cancer survivors’ inflammatory responses, we assessed how two specific aspects of emotion regulation, mindfulness, and worry, cor-
responded to acute changes in focus problems, memory problems, and fatigue along with performance on pain sensitivity and cognitive tasks 
across two visits among breast cancer survivors.
Methods Breast cancer survivors (N = 149) completed two 8.5-hr visits at a clinical research center. Survivors were randomized to either the 
vaccine/saline placebo or a placebo/vaccine sequence. Worry and mindfulness questionnaires provided data on trait-level emotion regulation 
abilities. Fatigue, memory problems, and focus difficulties were assessed via Likert scales six times—once before the injections and then every 
90 min for 7.5 hr thereafter. Women also completed a pain sensitivity task and several cognitive tasks at each visit.
Results Findings from this study showed that breast cancer survivors who worried more and were less mindful experienced subjective memory prob-
lems, focus problems, and cold pain sensitivity across two visits and irrespective of injection type. Lower mindfulness also corresponded to higher 
subjective fatigue and hot pain sensitivity and objective ratings. Emotion regulation skills did not predict objective pain sensitivity or cognitive problems.
Conclusion Results from this study highlight the benefits of adaptive emotion regulation in helping mitigate symptoms associated with breast 
cancer survivorship.

Lay summary 
Breast cancer survivors experience side effects resulting from their cancer diagnosis and treatment, including higher rates of pain, fatigue, and 
memory/concentration problems. Emotion regulation offers the possibility to either better or worse physical health. This study assessed how 
two emotion regulation strategies, mindfulness and worry, corresponded to changes in focus problems, memory problems, and fatigue along 
with performance on pain sensitivity and cognitive tasks across two visits among breast cancer survivors. A total of 149 survivors completed 
2 day-long visits in the laboratory where they rated their fatigue and memory problems six times across the day, completed cognitive tests, 
and a pain sensitivity test. Findings from this study showed that breast cancer survivors who worried more and were less mindful experienced 
subjective memory problems, focus problems, and cold pain sensitivity across two visits. Emotion regulation skills did not predict objective pain 
sensitivity or cognitive problems. Results from this study highlight the benefits of adaptive emotion regulation skills like mindfulness in helping 
improve the cognitive and physical symptoms commonly experienced by breast cancer survivorship.
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Introduction
Survival rates from breast cancer continue to increase; how-
ever, breast cancer survivors commonly experience numerous 
deleterious health effects associated with diagnosis and treat-
ment [1]. Several of these symptoms are somatic, including 
pain and fatigue. Epidemiological data suggest that cancer sur-
vivors have twice the likelihood of poor health and disability 
as individuals without a cancer history [2]. Nearly 30% of 
breast cancer survivors suffer from chronic pain 5 years after 
treatment [3], and cancer patients often endure pain and fa-
tigue simultaneously [4]. In addition to self-reported pain, ex-
perimental pain sensitivity predicts the development of future 
chronic pain [5, 6]. For many survivors, pain persists after 
treatment completion, in part due to increased sensitivity of 
both the central and peripheral nervous systems. Pain sensi-
tivity is also associated with pain catastrophizing and pain 
persistence among breast cancer survivors [7, 8]. Fatigue 
may also persist for years after cancer treatment [9] and can 
worsen other symptoms such as pain above and beyond onco-
logical treatment [10].

In addition to the somatic symptoms experienced 
throughout survivorship, breast cancer survivors may also 
experience treatment-related difficulties with memory and 
focus. For example, breast cancer survivors had poorer execu-
tive function, working memory, and general cognitive func-
tion than women without a history of cancer [11, 12]. Across 
studies, research highlights that several aspects of cognitive 
function including memory, focus, and processing speed are 
impaired following chemotherapy and hormone-related ther-
apies in breast cancer survivors [13]. Further, up to 67% of 
breast cancer survivors reported focus and/or memory prob-
lems after treatment completion [14–18]. Self-reported cogni-
tive problems predict distress, fatigue, and poorer quality of 
life, and may reflect brain structure abnormalities (e.g., white 
matter lesions, hippocampal abnormalities) [19–22]. Indeed, 
self-report measures may detect subtle lapses in memory 
and concentration that neurocognitive tests are not sensitive 
enough to detect [15, 20]. While cancer-related cognitive dif-
ficulties dissipates over time for many survivors, a subgroup 
of women experience long-term impairments in memory, fo-
cusing, and executive function [23, 24].

Emotional health influences the experience and reporting 
of cognitive and somatic symptoms throughout survivorship. 
Emotion regulation, or the ability to intervene on one’s emo-
tional experience, is an important consideration among breast 
cancer survivors [25]. Notably, the ability to adaptively regulate 
emotions can play a role in better adjustment following cancer 
treatment during survivorship [26]. The biobehavioral model of 
negative emotionality emphasizes the role that emotion regu-
lation has in contributing to physical problems and long-term 
health problems [27]. Within this framework, emotion regulation 
can either enhance or suppress biological processes associated 
with the physical symptoms that commonly occur throughout 
cancer survivorship, leading to long-term physical difficulties 
that ultimately reduce quality of life and overall well-being.

Mindfulness, or the ability to view things from a detached, 
non-judgmental, and present-moment perspective, is one key 
emotion regulation strategy that may benefit survivors psy-
chological and physical health throughout survivorship [28]. 
Indeed, greater mindfulness corresponds to better physical 
health among adults with and without chronic diseases [29–
31]. In both physically health and disease populations, trait 

mindfulness corresponds to lower pain sensitivity and lower 
clinical pain more broadly [32, 33]. Among breast cancer pa-
tients and survivors, trait mindfulness is negatively correlated 
with pain sensitivity and fatigue [34]. Path analyses have also 
revealed low trait mindfulness as the strongest psychological 
correlate of fatigue among breast cancer survivors compared 
to anxiety, depression, and loneliness, and further, pathways 
between fatigue and mindfulness were both direct and in-
direct through these other variables [35]. Mindfulness is cen-
tral to several contemporary treatment approaches to reduce 
distress among cancer survivors, highlighting its benefits for 
improving both psychological and physical health [36–38]. 
Regarding cognitive function, a core feature of mindfulness 
pertains to the ability to shift and sustain attention, thus 
enhancing attentional control and executive function [39]. 
Further, mindfulness training can enhance memory [40, 41].

In contrast, worry, or thinking repeatedly about things 
that may or may not happen in the future, is considered a 
maladaptive emotion regulation strategy [42]. Specifically, 
worry is used maladaptively to try to “solve” or “plan” real 
or perceived threats [43]. Research highlights that breast 
cancer survivors experience high rates of anxiety, including 
fears of cancer recurrence and more general worries associ-
ated with diagnosis, treatment, lifestyle changes, and changes 
in functioning [44]. These rates differ based on a number 
of treatment-related factors including stage, prognosis, dis-
ruptions to family, marital, financial, and occupational 
functioning; however, a 2020 meta-analysis demonstrated 
approximately 42% of breast cancer patients experienced 
anxiety—a staggering statistic that emphasizes the need to 
intervene on the anxiety experienced among these women 
[44]. Like their healthy counterparts, breast cancer survivors 
may worry about family, finances, and the future; yet in add-
ition, they may worry about cancer recurrence, role changes 
because of their diagnosis and treatment, upcoming doc-
tors’ appointments, testing, and ongoing symptom burden. 
Breast cancer survivors who report higher levels of worry 
have poorer self-rated health, as well as greater self-reported 
pain and fatigue [45, 46]. Worry also tracks cross-sectionally 
with poorer self-rated health in physically healthy adults [47]. 
Consistent with the perseverative cognition hypothesis, worry 
(along with rumination) heightens emotional intensity and 
creates distress by prolonging both objectively innocuous and 
threatening situations. Further, this heightened emotional in-
tensity resulting from worry prolongs physiological reactivity 
to stress. Worry is a hallmark of anxiety among both healthy 
individuals and cancer patients [48, 49]. Consequently, the 
maladaptive process of worrying serves as an important 
risk factor for decreasing psychological and physical health 
throughout cancer treatment and survivorship.

Current Study
Understanding how emotion regulation skills influence 
symptom burden will help identify useful intervention tar-
gets for breast cancer survivors. Emotion regulation skills can 
be changed while, alternatively, other factors associated with 
cancer, such as treatment-related factors, are not as easily 
modified. This secondary analysis of a randomized controlled 
trial (RCT) [50]; assessed the relationship among two factors 
representing emotion regulation (mindfulness and worry) and 
acute changes of cognitive (memory and focus problems) and 
somatic (fatigue) symptoms across 2 day-long study visits in 
breast cancer survivors.
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As part of the parent RCT, survivors completed two la-
boratory visits and received either a placebo or typhoid vac-
cine injection at each visit. Fatigue, focus, and memory were 
measured six times—once before the injection and then every 
90 min for 7.5 hr thereafter. Survivors also completed a task 
measuring pain sensitivity (i.e., the hot–cold plate task) and 
several cognitive tasks, detailed below, across the day at each 
visit. We hypothesized that higher trait worry would corres-
pond to more subjective fatigue, memory problems, and focus 
difficulties across the day compared to low levels of worry. 
Relatedly, we hypothesized that higher trait mindfulness 
would correspond to less subjective fatigue, focus problems, 
and memory problems across the day among survivors. We 
expected that mindfulness and worry would have contrasting 
effects on pain sensitivity and performance on the cognitive 
tasks: we hypothesized that worry would enhance pain sen-
sitivity and lower performance on the cognitive tasks, while 
mindfulness would suppress pain sensitivity and contribute 
to enhanced cognitive performance. Given the parent study’s 
interests in examining the influence of injection type on in-
flammation across the day, we also assessed whether any dif-
ferences in somatic and cognitive symptoms emerged based 
on injection type.

Methods
Participants and Procedures
Participants included breast cancer survivors (N = 149) ages 
36–78, who had been diagnosed with Stage I–IIIA breast 
cancer 1–9 years after the completion of all primary cancer 
treatment except for longer-term hormonal therapies (tam-
oxifen, aromatase inhibitors). All of the women in this study 
were breast cancer survivors and had completed their pri-
mary cancer treatment, and subsequently, no women were 
currently receiving chemotherapy or radiation at their time of 
study participation. Participant demographics are presented 
in Table 1. The majority of survivors in this study were White 
and well educated. The primary recruitment sources were the 
James Cancer Hospital breast cancer clinics, with secondary 
recruitment through the Army of Women website. Exclusions 
included a prior history of any other malignancy except basal 
or squamous cell skin cancers, strokes, diabetes, anemia, cur-
rent heart disease, or uncontrolled hypertension, liver disease, 
autoimmune and/or inflammatory diseases, a prior typhoid 
vaccination, any other vaccination within the past month, 
alcohol/drug abuse, smoking, and medical conditions that 
would have limited participation (e.g., cognitive dysfunction). 
Based on the parent trial’s examination of inflammatory re-
sponses to vaccine, medication exclusions included steroids, 
statins, and other medications with anti-inflammatory ac-
tions. Women who reported secondary cancers or a breast 
cancer recurrence we also excluded. Additional information 
regarding inclusion criteria and recruitment are available else-
where [50]. We chose a typhoid vaccine because its inflamma-
tory sequalae have been well characterized in multiple studies 
which have shown that a typhoid vaccination reliably elicits 
IL-6, IL-1 receptor antagonist (IL1Ra), and WBC responses 
within a few hours without inducing fever or notable discom-
fort, aside from mild injection site pain.

All survivors received financial compensation ($25 for the 
screening visit; $250 for each of the two full-day study visits, 
totaling $525) for their participation and provided written 
informed consent. In the study’s double-blind crossover 

design, women were randomized to either the vaccine/placebo 
or the placebo/vaccine sequence at the first of two full-day 
study visits. Survivors first completed a screening appoint-
ment where they completed trait-level self-report question-
naires. The first full-day study visit occurred within 1 month 
of the screening appointment. Consistent with the parent 
trial’s goal of assessing inflammatory changes based on the 
vaccine challenge, during each day-long visit an intravenous 
catheter was inserted on admission, and baseline blood sam-
ples were drawn following a 20–30 min adaptation period. 
A nurse injected saline (the placebo) or Typhoid capsular 
polysaccharide vaccine (Typhim-Vi, Sanofi Pasteur) into the 
non-dominant deltoid muscle. Women received standardized 
meals. Subsequent blood draws occurred every 90 min for the 
next 7.5 hr. Women rated the intensity of physical symptoms 
(focus, memory, and fatigue) from 0 to 9 at each blood draw 
(for a total of 8 ratings across the day). Between ratings #6 
and #7 (between approximately 1:45 and 3:00 pm), women 
completed a pain sensitivity task (see details below). They 
also completed cognitive tasks between ratings #6 and #8 
(between approximately 1:45 and 5:00 pm). Data collection 
occurred between August 2013 and May 2021. Although the 
goal was 1 month between visits, the two ~ 9.5-hr sessions 

Table 1 Participant demographics

Mean (SD) or N (%) Range

Age 56.8 (8.3) 36.0–78.0

Race 137 (92.0%)

  White 10 (6.7%)

  Black 2 (1.3%)

  Mixed Race

BMI, kg/m2 27.9 (6.0) 18.7–45.5

  <18.5 underweight 0 (0%)

  18.5-24.9 Healthy 54 (36.2%)

  25-29.9 Overweight 50 (33.6%)

  >29.9 Obese 45 (30.2%)

Trunk fat, kg (DXA) 15.7 (6.8) 3.1–34.3

Education

  High school or less 18 (12.1%)

  Some college 25 (16.8%)

  College graduate 52 (34.9%)

  Graduate school/profes-
sional training

54 (36.2%)

Years since treatment 3.2 (2.3)

Chemotherapy treatment 100 (67.1%)

Radiation treatment 87 (58.4%)

Current Hormone therapy 121 (81.2%)

Cancer stage

  Stage I 74 (49.7%)

  Stage II 69 (46.3%)

  Stage III 6 (4.0%)

Any comorbidities 18 (12.1%)

PSWQ 43.6 (12.8) 17–76

MAAS 4.3 (0.9) 1.4–6.0

SD standard deviation, BMI body mass index, PSWQ Penn State Worry 
Questionnaire total score, MAAS Mindful Attention & Awareness Scale 
total score. Comorbidities were measured using the Charlson Comorbidity 
Index.
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occurred 26–420 days apart (M = 46.87, SD = 47.48) because 
the COVID-19 pandemic delayed some sessions. A total of 
nine participants dropped out between Visit 1 and Visit 2. A 
detailed CONSORT diagram can be found elsewhere [50].

Emotion Regulation Measures
The Penn State Worry Questionnaire (PSWQ) is a 16-item 
measure assessing trait worry. Participants rate their responses 
on a 1–5 scale for what is typical for them, with higher scores 
indicating greater general worry; The PSWQ is considered the 
gold standard measure of worry [51] and validation studies 
have found PSWQ scores to be consistent across a 1-month 
period in the absence of participation in psychotherapy [51]. 
Internal consistency for the PSWQ in this study was excellent 
(α = 0.92).

The Mindful Attention and Awareness Scale (MAAS) is 
a 15-item measure of trait-level mindfulness validated in a 
cancer population; Higher scores indicate being more mindful 
[52]. Prior research in participants in the USA demonstrates 
that the MAAS has good test–retest reliability through 10 
weeks [53]. The MAAS demonstrated excellent internal con-
sistency in this study (α = 0.89).

Symptom Changes
Six times throughout the day, women rated their fatigue, 
memory problems, and focus difficulties on a Likert scale of 
0–9 with higher ratings indicating that they were experien-
cing more of a given symptom. Each question asked women 
to report their symptoms at the current moment (e.g., how 
much fatigue are you currently experiencing?; how much dif-
ficulty are you currently having focusing?; how much diffi-
culty are you currently having remembering things?)

Hot/Cold Task
A thermal sensory analyzer was used to determine sensi-
tivity to heat- and cold-induced pain (TECA AHP-1200DCP 
Advanced Medical Systems, Minneapolis, MN). The order 
of whether the hot or cold trial was administered first was 
randomized for each visit; the time between trials was ap-
proximately 45 min. During both trial types, a thermode 
plate was placed in full contact with the survivors’ hand. The 
temperature was increased or decreased, depending on the 
trial type, at a rate of 1°C/s. Women were asked to inform 
the research assistant when the pain became noticeable and 
were instructed that they could remove their hand at any time 
when the heat/cold became unbearable. Survivors reported 
their pain rating on a 0–100 scale every 30 s for the cold con-
dition and every 15 s for the hot condition. The maximum 
thermode temperature was limited to 53°C to prevent tissue 
damage. The time each survivor kept their hand on the plate 
for either the hot or cold trial corresponded to the objective 
pain sensitivity for hot/cold, respectively. Survivors also re-
ported their pain level using the 0–100 scale at the time they 
removed their hand from the plate; this rating corresponded 
to their subjective pain tolerance.

Cognitive and Memory Tasks
The Conners’ Continuous Performance Test (CPT) is widely 
used to measure attention, focus, and reaction time [54]. On 
this computerized task, survivors were told to click the space 
bar when any letter appeared except the letter “X”; They 
were instructed to refrain from clicking if they saw the letter 
“X”. The CPT yields several metrics of attention and focus 

including overall reaction time (the amount of time between 
the presentation of the stimulus and when the survivor re-
sponded), omissions (the number of times a target was pre-
sented but the survivor did not respond), and commission 
errors (the number of times the survivor responded but no 
target was presented). High omission errors correspond to 
inattention, while high commission errors index impulsivity.

The Hopkins Verbal Learning Task assessed verbal learning 
and verbal memory [55, 56]. Survivors were asked to imme-
diately recall a presented word list, then to recall it after a 
20-min delay. For the purposes of the current study, the total 
number of words recalled after the 20-min delay assessed de-
layed recall.

Covariates
Covariates were chosen a priori based on their theoretical 
and biological connections to physical symptoms associated 
with breast cancer diagnosis and treatment [57–59]. These 
covariates included age, cancer treatment, obesity, depressive 
symptoms, physical fitness, injection sequence, cancer stage, 
time since cancer treatment, receipt of hormone therapy 
(yes/no), and presence of medical comorbidities. Models for 
focus problems, memory problems, and cognitive outcomes 
additionally controlled for education level. The Charlson 
comorbidity index, originally developed with breast cancer 
patients, assessed physical comorbidities [60]. The Charlson 
assigns weights to 19 medical conditions with greater scores 
equal to a greater comorbidity burden. The Center for 
Epidemiological Studies Depression Scale assessed current 
depressive symptoms [61]. Central obesity was assessed using 
dual X-ray absorptiometry (DXA) (model DPX-NT/software 
version 5.60, GE Lunar, Madison, WI).

Statistical Methods
Changes in symptoms (fatigue, focus problems, memory prob-
lems) across the day for both visits were modeled using gener-
alized estimating equations (GEE) with robust standard errors 
and an independent working correlation structure to account 
for within-subject correlations both within visits and between 
visits. Time since injection was used as a categorical variable 
in all models since changes in symptoms were not assumed 
to be linear. Vaccine effects on outcomes were tested first by 
modeling fatigue, focus problems, and memory problems 
across the day (including baseline) with effects of injection 
type, time since injection, and their interaction. The effects of 
worry and mindfulness on post-injection symptoms were then 
tested by modeling only the post-injection symptom measure-
ments while controlling for pre-injection baseline symptom 
levels, to adjust for pre-injection outcome differences across 
levels of predictors (e.g., difference in baseline fatigue by 
worry or mindfulness). The three-way interaction of worry 
or mindfulness by injection type by time since injection, as 
well as all lower-order terms, were included in all models to 
test if effects of worry or mindfulness on symptoms differed 
between the placebo and vaccine visit. All interactions were 
retained in models regardless of their significance so as to 
properly reflect the study design. To assess whether worry or 
mindfulness were associated with pre-injection fatigue, focus 
problems, and memory problems, GEE with robust standard 
errors was also used due to each participant having two visits 
and thus two baseline symptom measurements.

GEE with robust standard errors and an independent 
working correlation structure was also used for outcomes 
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measured only once per visit (pain sensitivity: temperature 
and pain ratings at pain threshold during hot and cold task; 
cognitive outcomes: HVLT: total number words correctly re-
called; CPT: correct response speed, response speed consist-
ency, missed targets, incorrect responses to non-targets). In 
these models the two-way interaction of worry or mindful-
ness by injection type was of primary interest.

Covariates were entered into all models. A two-sided sig-
nificance level of α = 0.05 was used for all tests. Only partici-
pants who completed both full-day study visits were included 
in analysis. Analyses were performed in SAS version 9.4 (SAS 
institute, Cary, NC).

Results
Vaccine Effects on Symptoms
Post-injection changes in fatigue (p = .91), focus (p = .80), and 
memory problems (p = .81) did not differ by injection type 
(Fig. 1A–C). For fatigue and focus problems, mean levels at 
the end of the day were significantly higher than at baseline 
for both placebo (fatigue: B = 0.63, SE = 0.18, p = .0005; 
focus: B = 0.55, SE = 0.15, p = .0003) and vaccine visits (fa-
tigue: B = 0.69, SE = 0.17, p < .0001; focus: B = 0.35, SE 
= 0.17, p = .04), but there was not a difference between in-
jection types (ps > .3). There was not a significant change 
in memory problems from baseline to the end of the day at 
either visit (ps > .05).

Effects of Worry and Mindfulness on Pre-injection 
Symptoms
Neither worry nor mindfulness were significantly associated 
with pre-injection levels of fatigue or memory problems (ps 
> .14). Higher worry was associated with lower pre-injection 
levels of focus problems (B = −0.21, SE = 0.10, p = .04), 
but there was no association between mindfulness and pre-
injection focus (p = .14).

Effects of Worry and Mindfulness on Post-injection 
Symptoms
Higher worry and lower mindfulness were associated with 
higher average post-injection focus and memory problems 

averaged across injection types (main effect ps < .01, Fig. 2) 
after controlling for pre-injection outcome levels. Furthermore, 
consistent with study hypotheses, the mindfulness effect on 
memory problems was exaggerated during the vaccine visit 
compared to placebo visit (p = .03). A one standard deviation 
increase in mindfulness was associated with a 0.14 unit de-
crease in memory problems at the placebo visit compared 
to a 0.36 unit decrease at the vaccine visit, highlighting that 
greater mindfulness decreased memory problems throughout 
the vaccine visit. Higher mindfulness also corresponded to 
lower post-injection fatigue (main effect p < .001, Fig. 2) and 
this effect did not differ by injection type (p = .12). Worry 
did not significantly correspond to post-injection fatigue (ps 
> .09). Table 2 presents the coefficients for each of these tests.

Effect of Worry and Mindfulness on Pain Sensitivity
There were significant worry effects on pain ratings at the 
pain threshold during both the hot and cold tasks such that 
higher worry was associated with higher pain ratings aver-
aged across injection type (ps < .001, Table 1). These effects 
were not different between the placebo and vaccine injections 
(ps > .20). Worry was not associated with temperature at pain 
threshold for either the hot or cold task (ps > .07). Averaged 
across injections, higher mindfulness was associated with 
lower pain ratings at the pain threshold during the cold task 
(p = .01) and higher temperature at pain threshold during the 
hot task (p = .009), but not with pain ratings during the hot 
task (p = .67). These effects did not differ by injection type (ps 
> .34). The effect of mindfulness on temperature at the pain 
threshold during the cold task was significantly different be-
tween the placebo and vaccine visits (p = .01). However, indi-
vidual slope tests did not show significant mindfulness effects 
for either placebo or vaccine injections (ps > .4), highlighting 
that there was no differential impact of injection type on 
the relationship between higher mindfulness and lower pain 
ratings. Table 3 presents the coefficients for these effects.

Effect of PSWQ and Mindfulness on Objective 
Cognitive Outcomes
There were no significant associations between worry or 
mindfulness and performance on any of the cognitive or 

Fig. 1. Trajectories of (A) fatigue, (B) focus problems, and (C) memory problems across the day, by injection type. Estimates from GEE models adjusting 
for age, cancer treatment, hormone treatment, obesity, depression, physical fitness, visit order, cancer stage, time since cancer treatment, and 
presence of comorbidities. Error bars represent 1 standard deviation above/below the mean
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memory-related tasks, either averaging across injection types 
or separately by injection type (ps > .10).

Sensitivity Analysis
Given the fact that several participants had significant delays 
in their Visit 2 scheduling due to the COVID-19 pandemic, 
a sensitivity analysis was conducted that excluded partici-
pants who experienced a delay between Visits 1 and 2 due 
to the COVID-19 pandemic. Analyses revealed that there 
was no effect of the time between Visits 1 and 2 on our pat-
tern of results (ps > .05). Time since diagnosis was also ex-
plored as a potential covariate. Analyses revealed that time 
since diagnosis did not significantly alter the current pattern 
of results (ps > .05). Lastly, we examined whether chemo-
therapy or hormone therapy impacted this pattern of results. 

Chemotherapy (chemotherapy vs. no chemotherapy) or 
hormone therapy (hormone therapy vs. no hormone therapy), 
respectively, were entered into our models as moderator vari-
ables. Resulted highlighted no significant interaction effects 
(ps > .05).

Discussion
Emotion regulation plays an important role in adjusting 
to the psychological and physical demands associated with 
cancer treatment and survivorship [26]. This study exam-
ined the influence of emotion regulation strategies in al-
tering somatic and cognitive symptoms across two visits in 
breast cancer survivors. Consistent with study hypotheses, 
higher worry, and lower mindfulness were each associated 

Fig. 2. Average post-injection levels of fatigue, focus problems, and memory problems by injection type and levels of mindfulness (left column) and 
worry (right column). Estimates from GEE models adjusting for age, cancer treatment, hormone treatment, obesity, depression, physical fitness, visit 
order, cancer stage, time since cancer treatment, and presence of comorbidities. Error bars represent 1 standard deviation above/below the mean.
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with greater increases in post-injection focus and memory 
problems across the day. These effects did not differ based 
on injection type, suggesting that emotion regulation strat-
egies may be a potent predictor of symptoms irrespective 
of the vaccine challenge. Higher mindfulness also corres-
ponded to lower fatigue across the day, which was not de-
pendent upon injection type. Interestingly, worry did not 
predict post-injection fatigue across the day. In terms of 
pre-injection symptom levels, worry corresponded to lower 
levels of focus problems. Prior research and theory highlight 
that worry is associated with hyperfixation/hypervigilance 
as a means of attempting to control one’s worry and overall 
environment. This, therefore, contributes to a reduction in 
focus problems, as individuals experiencing worry and anx-
iety may be overly focused on stimuli around them [62]. 
Overall, these findings add to a growing body of literature 
examining symptom trajectories in breast cancer patients 
and survivors [63, 64]. Although our study assessed acute 
changes in 2 day-long study visits and these changes were 
not assessed longitudinally, these results highlight helpful 
avenues for future research. Translating the current find-
ings into longitudinal research will allow us to better under-
stand the long-term impact of emotion regulation on these 

physical and cognitive symptoms. To our knowledge, this is 
the first test of specific emotion regulation strategies in al-
tering both objective assessment and subjective reporting of 
somatic and cognitive symptoms in breast cancer survivors.

Breast cancer survivors can experience heightened pain 
sensitivity compared to non-cancer, pain-free controls [65]. 
In this study, worry and mindfulness predicted subjective 
ratings of pain sensitivity on the Hot/Cold Plate Task. Again, 
as hypothesized, worry and mindfulness revealed contrasting 
effects, specifically regarding cold pain ratings on the task. 
Greater worry was associated with higher pain ratings for the 
cold task while higher mindfulness was related to lower pain 
ratings on both the hot and cold tasks. Injection type did not 
influence this pattern of results, highlighting a robust rela-
tionship between emotion regulation strategies and reported 
symptoms across the two visits. Interestingly, only higher 
mindfulness was significantly related to objective ratings of 
pain sensitivity, and only for the hot task. Although these re-
sults did not transfer to the hot task, women in this study, 
on average, endured the hot task for a shorter duration than 
the cold task. It is therefore possible that mindfulness helped 
survivors endure the more unpleasant hot task for longer. 
Further, prior research highlights genetic differences of hot 

Table 2 Estimated effects of mindfulness and worry on average post-injection fatigue, focus problems, and memory problems

Outcome Injection type Change for +1 SD increase in 
mindfulness (95% CI)

p-value Change for +1 SD increase in 
PSWQ (95% CI)

p-value

Fatigue Placebo −0.46 (−0.69, −0.22) .0001 0.20 (−0.05, 0.44) .12

Vaccine −0.25 (−0.48, −0.01) .04 0.16 (−0.08, 0.39) .19

Averaged −0.35 (−0.54, −0.16) .0004 0.18 (-0.03, 0.38) .09

Focus Placebo −0.26 (−0.46, −0.07) .008 0.32 (0.10, 0.54) .004

Vaccine −0.43 (−0.67, −0.19) .0004 0.43 (0.18, 0.68) .0008

Averaged −0.35 (−0.54, −0.16) .0003 0.37 (0.17, 0.58) .0004

Memory Placebo −0.14 (−0.35, 0.07) .19 0.22 (0.04, 0.40) .02

Vaccine −0.36 (−0.58, −0.14) .001 0.39 (0.17, 0.62) .0006

Averaged −0.25 (−0.44, −0.06) .01 0.31 (0.13, 0.49) .0009

Models adjusted for: age, cancer treatment, hormone treatment, obesity, depression, physical fitness, visit order, cancer stage, time since cancer treatment, 
and presence of comorbidities.

Table 3 Estimated effects of mindfulness and worry on post-injection pain sensitivity

Outcome Injection type Change for +1 SD increase in 
mindfulness (95% CI)

p-value Change for +1 SD increase in 
worry (95% CI)

p-value

Cold Pain Rating Placebo −3.19 (−6.47, 0.08) .06 5.36 (2.45, 8.27) .0003

Vaccine −4.26 (−7.26, −1.27) .005 5.22 (2.22, 8.22) .0007

Averaged −3.73 (−6.66, −0.80) .01 5.29 (2.46, 8.12) .0003

Hot Pain Rating Placebo −0.50 (−3.79, 2.80) .77 3.69 (0.59, 6.79) .02

Vaccine −0.88 (−4.27, 2.50) .61 5.81 (2.43, 9.19) .0008

Averaged −0.69 (−3.82, 2.44) .67 4.75 (1.97, 7.53) .0008

Cold Pain Temperature Placebo −0.39 (−1.29, 0.51) .40 0.41 (−0.41, 1.24) .33

Vaccine 0.28 (−0.56, 1.13) .51 0.05 (−0.77, 0.88) .90

Averaged −0.05 (−0.89, 0.78) .90 0.23 (−0.56, 1.02) .56

Hot Pain Temperature Placebo 0.62 (0.22, 1.02) .002 −0.23 (−0.64, 0.18) .26

Vaccine 0.50 (0.01, 0.98) .046 −0.34 (−0.70, 0.03) .07

Averaged 0.56 (0.14, 0.98) .009 −0.28 (−0.65, 0.08) .13

Models adjusted for: age, cancer treatment, hormone treatment, obesity, depression, physical fitness, visit order, cancer stage, time since cancer treatment, 
and presence of comorbidities.
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versus cold pain sensitivity, which may have influenced the 
contrasting effects in this study [66].

The overall lack of significant relationships between emo-
tion regulation and objective pain sensitivity may be explained 
in several ways. Prior findings emphasized that anxiety, 
which commonly co-occurs with worry, was more strongly 
associated with constant rather than intermittent pain [3]. 
Therefore, it is plausible that the transient effects of the Hot/
Cold Task as well as the injections across the day were not sa-
lient enough to evoke psychological distress in this sample of 
survivors. Another plausible hypothesis is that emotion regu-
lation may significantly alter perceptions of bodily sensations 
and experiences rather than objective pain sensitivity.

Emotion regulation strategies did not alter performance on 
either the cognitive or memory tasks. This contrasted with 
study hypotheses and is contradictory to the findings that both 
emotion regulation strategies related to self-reported symp-
toms across the day. It is possible that emotion regulation al-
ters perceptions of difficulties rather than performance, which 
could also explain the lack of significant findings for objective 
metrics on the Hot/Cold Task. Indeed, affect science theory 
posits that emotion regulation strategies can alter health 
both directly (e.g., physiological responses) or indirectly (e.g., 
perceptions of pain, guiding medical decision-making, and 
health behaviors) [67]. Further, the Self-Regulatory Model of 
Illness Behavior highlights the importance of illness percep-
tions and emotional responses when managing a health threat 
such as cancer [68]. Within this model, poor self-regulation 
can increase distress and maladaptive coping behaviors, thus 
making a survivor more susceptible to lingering symptoms in 
treatment and survivorship. In terms of cognitive problems, 
prior research indicates that cognitive complaints may par-
allel neuropsychological test performance in some domains. 
Breast cancer survivors who reported more memory problems 
had lower scores on a standardized verbal memory task than 
those who reported fewer memory problems [69]. On the 
other hand, breast cancer survivors who just stopped endo-
crine therapy continued to report cognitive problems over 
the following year, despite improvement in objective neuro-
psychological test scores [70].

This study contributes to literature highlighting the import-
ance of adaptive emotion regulation throughout cancer sur-
vivorship. These findings suggest that negative emotions, and 
the lack of ability to effectively regulate them such as using 
maladaptive strategies such as worry, can affect a woman’s ex-
perience during cancer survivorship and worsen their overall 
psychological and physical health. In contrast, understanding 
how mindfulness corresponds to acute improvements in phys-
ical and cognitive symptoms, such as those seen in this study, 
highlights the potential for these adaptive emotion regulation 
skills to serve as a protective factor for women throughout 
survivorship. Evidence-based interventions such as mindful-
ness based stress reduction are beneficial in offsetting some of 
the psychological and physical symptom consequences asso-
ciated with breast cancer survivorship [38, 71]. Yoga, which 
often incorporates mindfulness into the practice, has also 
proven useful in reducing the physical, psychological, and 
biological consequences of cancer survivorship [72]. Barriers 
that limit cancer survivors use of these treatments include not 
having access to these interventions, medical appointment 
burden, physical health complications, and/or the afford-
ability of specialized mental health services [73]. As a result, 
there is a clear need for brief, feasible, emotion regulation 

interventions to be widely disseminated to improve physical 
and psychological health among breast cancer survivors.

This study has several notable strengths. Using both self-
reported symptoms as well as examining objective task data 
allows for a more comprehensive understanding of emotion 
regulation’s impact following a vaccine challenge. Further, 
having six measures of somatic and cognitive symptoms 
across the day allowed us to examine trajectories of change 
following the vaccine rather than looking at these symptoms 
at a single timepoint. The double-blind crossover design also 
allowed comparisons of emotion regulation skills and their 
impact on symptoms within the same woman. This study 
has several limitations. The parent study’s extensive exclu-
sionary criteria produced a sample that was likely healthier 
than breast cancer survivors generally. Further, a more di-
verse sample would be useful in replicating these findings 
to increase generalizability. Although rates differ based on a 
number of contextual factors, a 2022 study found a larger 
proportion of Black (41.69%) and Hispanic (44.23%) phys-
ically healthy participants were categorized as having anxiety 
compared to White participants. Notably, individuals high in 
anxiety often worry more and are less mindful as compared 
to their non-anxious counterparts. Given our homogenous 
sample, we were unable to examine whether our results dif-
ferent based on belongingness to different racial, ethnic, or 
socioeconomic groups—a limitation of this study. This study 
was burdensome in terms of time and resources, as it required 
participants to spend nearly a full day in the Clinical Research 
Center, thus likely limiting who may have been able to par-
ticipate. Future research would benefit from examining these 
questions in a way that can increase feasibility, particularly 
to marginalized and/or historically underrepresented groups 
as well as individuals experiencing significant contextual 
stressors that may prove to be a barrier to study engagement 
and participation. Lastly, future research would benefit from 
examining a stronger inflammatory stimulus (e.g., endotoxin) 
that produces greater somatic and cognitive symptoms to see 
if emotion regulation overrides the inflammatory effects [74, 
75].

Findings from this study showed that breast cancer sur-
vivors who worried more and were less mindful experienced 
subjective memory problems, focus problems, and cold pain 
sensitivity across two visits than those who worried less and 
were more mindful. Lower mindfulness also corresponded to 
higher subjective fatigue and hot pain sensitivity. Results from 
this study highlight the benefits of adaptive emotion regula-
tion in helping mitigate symptoms associated with breast 
cancer survivorship.
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