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Abstract
Advances in diagnostics and therapeutics have improved prognosis for metastatic breast cancer (MBC). Yet, treatment and disease

burden—including experiences of pain and nausea—present practical and emotional challenges. To better support patients and

enhance quality of life, deeper understanding of the pathways linking physical and psychological health is needed. To this end,

we examined associations of pain and nausea with depression and anxiety among women with MBC. In doing so, we highlighted

social function as a potentially important mechanism in this relationship. This observational, cross-sectional study included 148

predominantly non-Hispanic White, highly educated women living with MBC. Multivariate regression models demonstrated

that more intense pain and nausea were significantly associated with higher levels of depression and anxiety (p< .001). Causal
mediation analyses confirmed significant indirect effects whereby decreases in social function associated with pain and nausea con-

tributed to depression and anxiety. Thus, our findings illustrate decreased social function as one pathway through which pain and

nausea contribute to escalation of depression and anxiety. Our results, therefore, underscore the importance of supporting social

function among women with MBC to potentially reduce psychological sequelae of pain and nausea.
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Introduction
Breast cancer is the most common form of cancer among
women in the United States, with an estimated 281,550
new cases in 2021 (1). Of new cases, approximately 6%
to 10% will initially be diagnosed as metastatic, and
nearly 30% of those diagnosed with earlier-stage
breast cancer will develop metastatic disease (2,3).
Advances in drug development, treatments, and imaging
techniques (4-7) have led to substantial increases in sur-
vival rate for metastatic breast cancer (MBC) patients
since 1990 (8).

Nevertheless, the physical and emotional burden accom-
panying MBC can be substantial. Pain and nausea, in partic-
ular, are typical of the patient experience. Intense pain is
commonly reported; and, pain is one of the most significant
predictors of poor quality of life for this population (9-12).
Additionally, due to the prevalence, impact, and undertreat-
ment of pain in MBC patients (13), opioid usage is high
(14). Limited research suggests that opioid-induced nausea
also negatively impacts quality of life (10,11,15). Thus, in
the face of intense pain and nausea, critical opportunities

exist to maintain well-being and enhance quality of life
(16-18).

Alleviating physical symptoms through effective pallia-
tive and supportive care has been shown to improve patients’
quality of life (19,20). One potential avenue for such inter-
vention is maintenance of social function. Indeed, among
patients with MBC, social interactions, activities, and rela-
tionships are linked to improved clinical outcomes and
lower levels of distress (21,22). At the same time, patients
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express concerns over their ability to maintain social roles
during the course of their illness (23,24). Thus, while experi-
encing pain and nausea may hinder participation in social
roles and activities, supporting social function in light of
such physical symptoms might help improve psychological
health.

In this spirit, the purpose of this study is to evaluate asso-
ciations of pain and nausea with depression and anxiety in
MBC patients and add to the current understanding by exam-
ining a potentially important mechanism—ability to partici-
pate in social roles and activities. Specifically, we dive
deeper into the relationship between physical symptoms
and psychological well-being by examining the degree to
which diminished social function accounts for (ie, mediates)
these associations.

By conceptualizing social function as a mechanism, we
provide a more comprehensive illustration of the dynamic
pathways linking pain and nausea with psychological
health. In doing so, we offer insight into the importance of
promoting social function among women with MBC.

Methods
In 2018, Cancer Support Community (CSC) developed an
online survey to characterize experiences of MBC patients
with pain and nausea. Participants were recruited through
CSC’s Cancer Experience Registry, online networks,
CSC’s network partners, including Cancer Support
Community and Gilda’s Club partners, and advocacy part-
ners. Ethical and Independent Review Services (E&I)
served as the Institutional Review Board of record
(Protocol #18145-01). Study procedures were in accordance
with the ethical standards of the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.
Participants provided electronic informed consent prior to
participation.

Sample
From October 2018 to March 2020, 161 MBC patients pro-
vided informed consent to participate in this study. We
limited the analytical sample to the 148 respondents who
answered questions on key independent variables (psycho-
logical well-being, pain and nausea, and ability to participate
in social roles).

Measures
Psychological well-being. Participants completed the Patient-
Reported Outcomes Measurement Information System 29
Profile V2.0 (PROMIS-29) (25). PROMIS-29 consists of a
series of 4-item subscales where patients rate their physical
and mental well-being over the past 7 days. Responses are mea-
sured on a 5-point Likert-type scales, summed to create raw sub-
scale scores, and transformed into T-scores. T-scores are
standardized with a mean of 50 and standard deviation of 10,

with a normative reference group of the US general population.
Each PROMIS-29 subscale has shown to be reliable, with
Cronbach’s α ranging from 0.87 to 0.96.

For this study, two dependent variables captured psycho-
logical well-being. One series of analyses predicted T-scores
for the PROMIS-29 depression subscale and a second set of
analyses predicted T-scores for the anxiety subscale.

Pain and nausea intensity. As part of PROMIS-29, partici-
pants answered a single item on pain intensity. Specifically,
participants rated their average pain in the last 7 days on a
scale from 0 to 10 (10 being the most significant). A
nausea intensity item was developed for this study, mirroring
the PROMIS-29 pain item. Participants rated their average
nausea in the past 7 days on a scale from 0 to 10 (10 being
the most significant).

Social function. PROMIS-29 includes a subscale evaluating
ability to participate in social roles and activities.
Participants respond to the frequency with which they had
trouble doing leisure activities, family activities, work, and
activities with friends over the past 7 days. T-scores were cal-
culated and used in multivariate analyses. Higher scores rep-
resent greater social functioning.

Sociodemographic background and clinical history. Participants
provided information on birth year, race, ethnicity, education,
employment status, household income, sexual orientation,
marital status, and geographic region. Participants self-reported
general health (1= excellent to 5= poor), year diagnosed, stage
diagnosed, remission status, and number of recurrences.
Finally, participants indicated whether they have ever had
surgery, and whether they have undergone or are currently
undergoing chemotherapy, radiation therapy, hormonal
therapy, oral therapy, and immunotherapy.

Analyses
Descriptive statistics. We calculated descriptive statistics for
independent, dependent, and mediating variables, as well as
sociodemographic background and clinical history variables.
To facilitate ease of interpretation, social function, depres-
sion, and anxiety subscales were collapsed into dichotomous
variables (0=Not at all or A little bit; 1= Somewhat, Quite a
bit, or Very much) and the percentage of participants in each
category were calculated; in inferential analyses, continuous
T-scores were used.

Multivariate analyses. The primary goal of this study was to
test social function as a mechanism through which pain and
nausea are associated with psychological well-being. To
accomplish this goal, multivariate analyses were performed
in three steps.

First, we confirmed associations between pain and
nausea and psychological well-being in a regression frame-
work. Second, we introduced social function to the
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regression models, considering the degree to which the
associations were attenuated. The third, and focal, step
was causal mediation analysis (26-29), which describes
how an independent variable (pain/nausea) affects an
outcome (psychological well-being) through a mechanistic
variable (social function) by decomposing the total effect
into direct and indirect effects.

Analyses were performed in R 4.0.5 (30) using RStudio.

Results
Descriptive Statistics
The analytical sample was entirely female, predominantly
non-Hispanic White (89%), and highly educated (68% with
a Bachelor’s degree or higher). 62% of respondents were
married at time of survey. The average age was 57.7 years
(range: 26 to 81). Nearly two-thirds (63%) reported good,
very good, or excellent health. Two-fifths (41%) indicated
that they were originally diagnosed with metastatic disease,
and nearly all (90%) were actively undergoing some form
of treatment for their cancer at time of survey.

Age at diagnosis, general health, initial metastatic diagno-
sis, marital status, and current treatment status were hypoth-
esized to be confounding variables for regression analyses.
Bivariate correlations confirmed that age at diagnosis and
general health were significantly associated with psycholog-
ical outcomes. As such, these measures were included as con-
trols in multivariate analyses. Notably, marital status was not
significantly correlated with depression and anxiety among
our sample, and ANOVA tests showed no significant differ-
ences in social function across marital statuses.

As shown in Table 1, participants reported low to moder-
ate pain intensity (mean= 3.92; SD= 2.82) and nausea inten-
sity (mean= 1.82, SD= 2.58), with significantly higher mean
pain ratings compared to nausea ratings (t= 6.66, p < 0.001).
Nausea and pain intensity were significantly correlated, with
participants who reported higher pain being more likely to
report higher intensity of nausea (t= 6.84, p < .001).

Responses to PROMIS-29 subscales for depression and
anxiety suggested variability in participants’ psychological
well-being (Table 1). Depression items were somewhat to
very much endorsed by 39% to 60% of participants, and
anxiety items were somewhat to very much endorsed by
57% to 73% of participants. T-score calculations allowed
for comparison to national averages, highlighting that 30%
and 36% of respondents scored at least one standard devia-
tion above the mean for depression and anxiety, respectively.

For social function, about two-thirds of participants con-
sistently reported having somewhat to very much trouble
engaging in social roles and activities.

Pain and Nausea Intensity and Psychological
Well-Being
To test social function as a mechanism through which pain
and nausea are associated with psychological well-being,

a necessary first step was to confirm direct pathways.
Table 2 presents results predicting depression T-scores.
Model 1 confirms a significant, positive association between
pain intensity and depression (b= 1.289; p< .001), whereby
higher self-rated pain was associated with more severe depres-
sive symptoms. Similarly, Model 2 confirms a significant, pos-
itive association between nausea intensity and depression (b =
1.438; p< .001).

Table 3 includes results for anxiety. Models 1 and 2 show
significant, positive associations between pain intensity (b=
1.311; p < .001) and nausea intensity (b= 1.360; p< .001)
with anxiety. The more severely participants reported their
pain and nausea, the higher their anxiety T-score. In this
way, results are consistent with previously documented asso-
ciations and confirm that more intense pain and nausea were
associated with poorer psychological well-being in our
sample.

Physical Symptoms, Social Function, and Psychological
Well-Being
Building on Models 1 and 2, our second analytical step was
to test for attenuation of the direct associations when intro-
ducing social function. Models 3 and 4 in Table 2 include

Table 1. Descriptive Statistics for Pain, Nausea, Depression,

Anxiety, and Social Function.

n (%)

Pain Intensity, mean (SD) 3.92 (2.82)

Nausea Intensity, mean (SD) 1.82 (2.58)

Depression

In the past 7 days…
I felt worthless 57 (39%)

I felt helpless 77 (52%)

I felt depressed 89 (60%)

I felt hopeless 76 (51%)

Depression T-score, mean (SD) 53.12

(10.41)

Sample with scores more than 1SD above mean 45 (30%)

Anxiety

In the past 7 days…
I felt fearful 96 (65%)

I found it hard to focus on anything other than

my anxiety

85 (57%)

My worries overwhelmed me 88 (59%)

I felt uneasy 108 (73%)

Anxiety T-score, mean (SD) 55.68

(10.06)

Sample with scores more than 1SD above mean 53 (36%)

Social Function

In the past 7 days I have trouble doing…
All of my regular leisure activities with others 94 (64%)

All of the family activities that I want to do 92 (62%)

All of my usual work (include work at home) 93 (63%)

All of the activities with friends that I want to do 97 (66%)

Social Function T-score, mean (SD) 45.44 (9.40)

Note: % somewhat – very much; N= 148
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those analyses for depression, while Models 3 and 4 in
Table 3 include those analyses for anxiety.

In Table 2, social function is significantly, negatively
associated with depression T-score (b=−0.443 and b=
−0.445 in Models 3 and 4; p< .001). Thus, the better a par-
ticipant’s social function was, the lower their depressive
symptomatology. Additionally, the association between
pain intensity and depression appears to be attenuated in
Model 3 of Table 2 (b= 0.677 and p < .05, compared with
b= 1.289 and p< .001 in Model 1). The association
between nausea intensity and depressive symptoms remains
strongly significant (b= 1.043; p< .001) in Model 4 (com-
pared with b= 1.438 and p < .001 in Model 2).

In Table 3, social function was also significantly, nega-
tively associated with anxiety T-score (b=−0.366; p<
.001). Hence, better social function was linked to decreased
anxiety. While the association between pain intensity and
anxiety appears to be slightly attenuated (b= 0.806 and p <
.05 in Model 3, compared with b= 1.311 and p< .001 in
Model 1), the association between nausea intensity and
anxiety was significant at p< .001 in Model 2 (b= 1.360)
and Model 4 (b= 1.013).

Overall, we confirm that better social function was asso-
ciated with more positive psychological well-being.
Moreover, social function appeared to partially explain
the relationship between pain intensity and psychological
outcomes.

Causal Mediation Analysis
Our final step was estimating causal mediation models to
better understand direct and indirect pathways linking pain
and nausea, social function, and psychological well-being
(Table 4). The total effect, which describes the strength of
the association of pain and nausea with psychological well-
being, is decomposed into an indirect path (ACME) and
direct path (ADE). ACME reports the degree to which the
total association channels through social function (26-29).
The proportion mediated is reported, as is the regression
coefficient for social function on pain/nausea, informing
directionality of associations.

For depression and anxiety, social function significantly
mediated the association between pain and nausea and psy-
chological well-being. Specifically, intense pain and nausea
reduced social function, which, in turn, decreased psycholog-
ical health. This indirect path held statistical significance for
all models considered—those with pain intensity as the pre-
dictor, nausea intensity as the predictor, depression as the
outcome, and anxiety as the outcome (ACME p < .001).
Despite the consistency of social function as a mediator,
however, nuances across models warrant mentioning.

First, nearly half of the total effect between pain intensity
and depression was explained by social function (proportion
mediated= 0.447). Pain limited social function, thereby
amplifying depressive symptomatology.

Table 2. Multivariate Regression Models Predicting PROMIS

Depression T-Score.

Model 1 Model 2 Model 3 Model 4

Pain and Nausea

Pain intensity 1.289*** 0.677*

(0.296) (0.315)

Nausea

intensity

1.438*** 1.043***

(0.294) (0.286)

Mediators

Social Function

(PROMIS T

Score)

−0.443*** −0.445***

(0.04) (0.094)

Demographic

variables

Age at

diagnosis

−0.126* −0.115 −0.141* −0.129***

(0.064) (0.063) (0.060) (0.059)

General health 2.250** 3.010*** 0.598 0.819

(0.828) (0.750) (0.872) (0.837)

Intercept 46.820*** 46.317*** 75.348*** 74.907***

(3.934) (3.878) (7.629) (7.019)

Adjusted

R-squared

0.251 0.274 0.332 0.369

Note: N= 148; * p< .05, *** p< .001

Table 3. Multivariate Regression Models Predicting PROMIS

Anxiety T-Score.

Model 1 Model 2 Model 3 Model 4

Pain and Nausea

Pain intensity 1.311*** 0.806*

(0.288) (0.310)

Nausea

intensity

1.360*** 1.013***

(0.288) (0.285)

Mediators

Social Function

(PROMIS T

Score)

−0.366*** −0.390***

(0.102) (0.093)

Demographic

variables

Age

at diagnosis

−0.141* −0.132* −0.154* −0.144*

(0.062) (0.062) (0.060) (0.059)

General health 1.758* 2.592*** 0.394 0.672

(0.802) (0.734) (0.859) (0.833)

Intercept 51.553*** 51.150*** 75.121*** 76.207***

(3.812) (3.800) (7.522) (6.984)

Adjusted

R-squared

0.246 0.253 0.304 0.330

Note: N= 148; *p< .05, ***p< .001
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At the same time, the direct effect accounted for the vast
majority of the total effect across the other models, indicating
that social function only partially mediates the associations
considered (proportion mediated ranging from 25% to
37%). In other words, pain and nausea limited social func-
tion; and, though this limitation mattered for psychological
well-being, the direct linkages from pain and nausea to
depression and anxiety were robust.

Overall, our analyses confirmed direct associations
between pain and nausea intensity and psychological well-
being. The pain and nausea reported by women with MBC
increased their risk of depression and anxiety. Further, we
documented a meaningful mechanism for these associations
—social function. The decrease in social function associated
with pain and nausea contributed to the impact of pain and
nausea on psychological well-being. This mediation was par-
ticularly relevant for the relationship between pain and
depression.

Discussion
Over the past few decades, advances in drug development,
treatments, and imaging have led to a reduction in mortality
rates for MBC (4-8). However, even with the focus on (16-
18)–and proven efficacy of (19,20)–palliative care interven-
tions, pain and nausea remain chronic problems with clini-
cally meaningful implications for depression and
anxiety (31-35). As such, we explored the relationship
between pain and nausea intensity and psychological well-
being among women with MBC, highlighting the role of
social function. We hypothesized that pain and nausea
would decrease ability to participate in social roles and activ-
ities, thereby hindering psychological well-being.

Consistent with existing literature (31-35), we docu-
mented significant associations between pain and nausea
intensity and anxiety and depression. Extending previous
findings, we also found support for social function as a mech-
anism that partially explained these relationships.

Our focus on social function points to a practical avenue
for intervention and supportive care. Our results suggest
that supporting patients in their efforts to maintain social
engagement and meaningful relationships—which may be
accomplished, for example, through effective screening for
social needs or connection to support group services
through healthcare settings as well as advocacy and non-

profit support organizations—might reduce the detrimental
impact of pain and nausea on psychological well-being.
Social outcomes are a priority for women with MBC, and
factor, more generally, into patient experiences (21-24).
Interestingly, beyond the focal associations presented,
social function also mediated linkages between general self-
reported health and psychological outcomes among our ana-
lytical sample (Models 3 and 4 of Tables 3 and 4), pointing to
multidimensional processes whereby social function contrib-
utes to patient experiences. Social outcomes should thus be
considered critically important not only for patient experi-
ence research, but also more practically in the clinical devel-
opment pipeline and during treatment decision-making.

We found social function to be particularly salient in
explaining the relationship between pain and depression.
The impediment of nausea on psychological well-being
was less attenuated by maintenance of social function. A
more detailed examination of mechanisms linking nausea
and distress, therefore, would allow for better understanding
of how to address downstream effects of nausea, particularly
for individuals who routinely experience nausea in their
current course of treatment.

Despite evidence for social function mediating the impli-
cations of physical symptoms on psychological well-being,
our results consistently illustrated the ever-important direct
associations. Undoubtedly, pain and nausea are powerful pre-
dictors of depression and anxiety among MBC patients.
Future research should thus extend conceptualization of
interceding factors to support patients as they grapple with
the physical sequalae of metastatic disease. Additionally, dis-
cussions with care providers should emphasize the psychoso-
cial effects of pain and nausea.

Our study has limitations. Data collected from participants
were self-reported. Given the complexity of clinical ques-
tions and the subjectivity inherent in self-reporting psychoso-
cial data, some of the data may not be fully accurate.
Additionally, our sample size was relatively small and
largely comprised of well-educated, White women.
Expanding the sample by inclusion of underserved groups
would improve study generalizability. These results should
be substantiated in underrepresented groups before drawing
conclusions, as past research has clearly documented racial
biases in the perception of others’ pain (36,37). Likewise,
though educational attainment was accounted for in

Table 4. Causal Mediation Analysis Testing Mediation by Social Function.

ACME ADE Total Effect Prop. Med Intensity -> Social Function

DEPRESSION

Pain 0.604*** 0.709* 1.313*** 0.447*** −1.380***
Nausea 0.382*** 1.068*** 1.449*** 0.251*** −0.889***
ANXIETY

Pain 0.505*** 0.814*** 1.318*** 0.368*** −1.380***
Nausea 0.323*** 1.055*** 1.378*** 0.230*** −0.889***

Note: ACME refers to the indirect path, or the degree to which the total association channels through social function; ADE refers to the direct path; ACME and

ADE combine to yield the Total Effect; *p< .05, ***p< .001

Senkpeil et al. 5



multivariate analyses, patient knowledge and education on
disease process—that can influence sense of preparedness
and perceived sense of control, which in turn are related to
psychological outcomes (38)—was not; and, future work
highlighting the role of patient education in the pathways
we considered would provide more information on potential
intervention. Finally, social function and psychological well-
being are reciprocally linked, and we are limited by the use of
cross-sectional data. Longitudinal data would allow for a
more nuanced conceptualization of the dynamic ways that
social function and psychological well-being relate.

Conclusion
In conclusion, supporting social function may alleviate
some of the psychological burden associated with experiences
of pain and nausea among women with MBC. Social function
should be considered an important part of the patient experi-
ence. Still, the physical-to-psychological link remains even
when social function is considered, suggesting that future
work should continue to study mechanistic pathways that
might lend themselves to intervention and support.
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