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A B S T R A C T

Background: Breast cancer survivors with elevated inflammation have a greater risk for cancer recurrence,
premature mortality, and comorbid disease development. The psychological stress survivors experience when
confronted with a breast cancer diagnosis and cancer treatment can heighten inflammation. Identifying factors
that reduce stress and inflammation could lead to improvements in survivors’ long-term health. Accordingly, this
study examined the health-enhancing effects of romantic relationships—a key health determinant—on breast
cancer survivors’ stress and inflammation.
Methods: Breast cancer survivors (n = 139, stages 0–IIIC) completed a baseline visit before treatment and two
follow-up visits 6 and 18 months after treatment ended. Women completed self-report questionnaires assessing
their romantic relationship satisfaction and perceived stress, and they provided a blood sample for serum
markers of inflammation at each visit. The longitudinal design allowed for examination within and between
survivors. We conducted multilevel mediation analyses to assess how changes in survivors’ relationship sa-
tisfaction were related to changes in stress and inflammation from visit to visit (i.e., within-person effects), as
well as how the average effects of relationship satisfaction were associated with average stress and inflammation
levels throughout the study (i.e., between-person effects).
Results: At the within-person level, at visits in which survivors were more satisfied with their relationships, they
also perceived less stress, which in turn was related to lower than their own average levels of serum C-reactive
protein and proinflammatory cytokines (tumor necrosis factor-α, interleukin-6, and interleukin-1β). At the be-
tween-person level, survivors who had greater relationship satisfaction throughout the study had lower per-
ceived stress, which was linked to lower levels of inflammation.
Conclusion: Breast cancer survivors in satisfying romantic relationships felt less stressed and in turn had lower
inflammation throughout cancer treatment. This study illustrates the utility of a within-person approach to not
only consider the average effects of relationship satisfaction, but also how changes in their own relationship
satisfaction impact stress and inflammation over time. Our findings demonstrate important psychological and
immunological pathways through which satisfying relationships may promote breast cancer survivors’ long-term
health.
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1. Introduction

Inflammation carries significant health risks to breast cancer survivors.
Elevated inflammation increases the chance of cancer recurrence and
comorbid disease development (Pierce et al., 2009; Smyth et al., 2004)
and contributes to accelerated aging and premature mortality (Aggarwal
et al., 2006; Alfano et al., 2017). Survivors’ psychological stress also in-
creases while confronting a breast cancer diagnosis and undergoing cancer
treatment (Weber and Solomon, 2008). These elevated stress levels can in
turn heigthen inflammation (Powell et al., 2013). Indeed, breast survivors
who were more stressed during treatment had higher inflammation than
their less stressed counterparts (Mundy-Bosse et al., 2011).
Epidemiological research has highlighted the importance of in-

timate relationships as a key health determinant, particularly in
stressful times (Holt-Lunstad et al., 2010; Pietromonaco and Collins,
2017). Partners in highly satisfying relationships live longer and have
fewer health problems than their unsatisfied and single counterparts
(Kiecolt-Glaser and Newton, 2001; Robles et al., 2014). Moreover, the
impact of people’s relationships on their long-term health is comparable
or greater than that of well-known factors such as body mass index
(Holt-Lunstad et al., 2010). The stress- and health-buffering effects of
satisfying relationships are also evident in breast cancer survivors,
helping them deal with the emotional and physical health consequences
of receiving a potentially life-threatening diagnosis and undergoing
treatment. For instance, a close and supportive partner helps to reduce
survivors’ stress levels during treatment (Kayser and Scott, 2008), while
an avoidant and unsupportive partner can boost survivors’ stress and
impair their physical functioning (Manne et al., 2005). After expressing
concerns about their cancer, survivors whose partners also disclosed
personal feelings and cancer-related concerns were less distressed than
survivor whose partners were less disclosing (Manne et al., 2004b). In
addition, a partner’s disclosure, along with feeling accepted, under-
stood, and cared for by a partner, was associated with greater intimacy
among survivors (Manne et al., 2004a). These findings demonstrate that
survivors’ relationships can facilitate adaptation to their diagnosis and
throughout cancer treatment, including reducing their stress and im-
proving their health.
Relationships also have important implications for immune func-

tioning; for example, people in more satisfying relationships had better
immune responses to a vaccine than their less satisfied counterparts
(Phillips et al., 2006). In addition, following supportive and conflictual
marital interactions, less negative and hostile partners (e.g., less sar-
casm and withdrawal/disengagement) had lower inflammation com-
pared to more hostile partners (Kiecolt-Glaser et al., 2005). The more
partners were engaged in the marital discussions, the lower their in-
flammation the next day (Graham et al., 2009). Longitudinal research
over a two-year period showed that partners in less distressing and
more satisfying relationships had better cellular immune function,
while their more distressed and unsatisfied counterparts had greater
cellular immune dysregulation over time (Jaremka et al., 2013b).
Though the salutary effects of relationships on immune function are
shown in healthy partners, their benefits have not been examined
among cancer survivors—a group that is particularly at risk for in-
flammation-related health problems (Alfano et al., 2017; Pierce et al.,
2009).
Stress is an important path connecting relationship perceptions to

health (Robles et al., 2014; Slatcher and Selcuk, 2016). Indeed, stress in
relationships promotes inflammation both cross-sectionally and long-
itudinally (Kiecolt-Glaser et al., 2005, 2003). Partners in less secure
relationships have elevated cortisol and poorer cellular immune func-
tion (Jaremka et al., 2013a). Though a satisfying relationship can
prevent or reduce stress perceptions and protect health (Schoebi and
Randall, 2015; Uchino, 2004), much of the literature demonstrates the
stress-promoting and immune-compromising effects of low-quality and
hostile relationships (Kiecolt-Glaser et al., 2018, 2005, 2003). The
emphasis on negative aspects of relationships has created a gap in the

literature on how high-quality and satisfying relationships may con-
tribute to lower inflammation (Robles and Kiecolt-Glaser, 2003).
Given the role of relationships in health outcomes—particularly

among those with chronic illness (Kiecolt-Glaser and Wilson, 2017;
Robles et al., 2014; Shrout, 2019)—it is important to understand how
breast cancer survivors’ relationships relate to their stress and in-
flammation. A breast cancer diagnosis and cancer treatment can ne-
gatively impact many facets of survivors’ relationships, including time
with their partners, open and honest communication, and planning for
the future (Manne et al., 2014, 2006). After survivors complete cancer
treatment, resuming their pre-treatment or “normal” lives with their
partners can be difficult (Kim et al., 2010). These changes in breast
cancer survivors’ relationship satisfaction throughout treatment may
offer a new pathway to survivors’ stress and inflammation levels, ulti-
mately affecting their long-term health.
This longitudinal study assessed the effects of satisfying relation-

ships on breast cancer survivors’ stress and inflammation. We measured
breast cancer survivors’ relationship satisfaction, perceived stress, and
inflammation before treatment began, and then 6 and 18 months after
primary treatment completion. In addition to examining the average
effects of relationship satisfaction on stress and inflammation
throughout the study (i.e., between-person effects), the longitudinal
design allowed for examination of how changes in their own relation-
ship satisfaction relate to changes in their stress and inflammation over
time (i.e., within-person effects). These within-person (i.e., intra-in-
dividual) processes are important in understanding how a survivor’s
own relationship satisfaction changes before and after treatment, as
well as how these changes impact how her own stress and inflammation
change from visit to visit, rather than how her stress and inflammation
compare to other survivors. Thus, parsing out effects between and
within survivors offers novel insights not only into how relationships
impact average levels of stress and inflammation across survivors, but
also into how changes in relationship satisfaction are associated with
changes in stress and inflammation within a given survivor. Within
survivors, we expected that at visits in which survivors were more sa-
tisfied with their relationships, they would also perceive less stress,
which would be associated with lower than their own average levels of
inflammation. Between survivors, we hypothesized that survivors who
were satisfied with their romantic relationship throughout the study
would also perceive less stress, which in turn would relate to lower
average inflammation levels.

2. Methods and materials

2.1. Participants and procedure

Participants were women who were married/domestic partners with
a breast cancer diagnosis (n = 139, stages 0–IIIC) identified at cancer
clinics for a larger longitudinal study on fatigue and immune function.
This study was thus a secondary analysis from the larger study and was
not pre-registered. Nevertheless, this study was informed by a priori,
conceptually driven hypotheses, and data are available upon request
from the first author. The larger study included 209 women; however,
70 women were excluded from these analyses because they were not
married/domestic partners (i.e., they were single, divorced, wind-
owed). The excluded women did not differ on the current study’s out-
come variables (ps> .10). Women were recruited within 1–3 months
after their diagnosis to complete a baseline visit prior to beginning
cancer treatment and two follow-up visits 6 and 18 months after
treatment ended (surgery, radiation, or chemotherapy, whichever came
last). At each visit, women completed self-report questionnaires and
provided a blood sample. Exclusion criteria included a history of cancer
except basal or squamous cell skin carcinomas and significant visual,
auditory, or cognitive impairments that would interfere with study
completion. Women were on average 55 years old (SD = 9.65, range
32–78) and primarily White (86%). Table 1 provides additional sample
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characteristics. The Ohio State University Institutional Review Board
approved the project, and all women gave written informed consent
prior to participation.

2.2. Self-report measures

The 4-item Couples Satisfaction Index (CSI-4) assessed relationship
satisfaction (Funk and Rogge, 2007). Developed using item response
theory, the short version of the CSI distinguishes between satisfied and
dissatisfied partners with greater precision than most commonly used
relationship satisfaction scales (Funk and Rogge, 2007). Cronbach’s α
for the CSI-4 ranged from 0.92 to 0.95 across the three visits. The 4-
item Perceived Stress Scale (PSS-4) measured perceived stress over the
past week (Cohen et al., 1983). The 4-item version provides researchers
the opportunity to assess perceived stress more easily where short
questionnaires are required, such as in longitudinal research (Cohen
et al., 1983). Cronbach’s α for the PSS-4 ranged from 0.79 to 0.85
across the three visits.

2.3. Inflammation assays

Fasting blood samples were collected between 7:00 and 9:00 AM to
control for diurnal variation. Serum C-reactive protein (CRP) was
measured using a chemilluminescence methodology via the Immulite
1000 (Siemens Healthcare Diagnostics, Inc., Deerfield, IL). Sensitivity
for the assay was 0.3 mg/L. The intra-assay coefficient of variation (CV)
was 3.1%, and the inter-assay CV was 7.3%. Serum levels of proin-
flammatory cytokines tumor necrosis factor-α (TNF-α), interleukin-6
(IL-6), and interleukin-1β (IL-1β) were measured using an electro-
chemiluminescence method with Meso Scale Discovery kits, and read
using the Meso Scale Discovery Sector Imager 2400 (Meso Scale
Discovery, Rockville, MD). Sensitivity was 0.3 pg/mL, 0.4 pg/mL, and
0.2 pg/mL for TNF-α, IL-6, and IL-1β, respectively. The intra-assay and
inter-assay CVs for TNF-α were 4.32% and 5.30%, respectively; corre-
sponding values were 1.43% and 4.42% for IL-6 and 4.15% and 4.03%
for IL-1β. Each participant’s frozen samples were assayed for all in-
flammatory markers at one time, thus using the same controls for all
time points for each person. Inflammatory measurements were natural-
log transformed prior to analyses to better approximate normality of
residuals. In addition to CRP, a z-score composite of the serum cyto-
kines (TNFα-, IL-6, and IL-1β) was calculated to obtain a summary
inflammatory cytokine measure (Alfano et al., 2017). The composite
had the advantage of reducing the number of statistical tests, particu-
larly given the correlations among cytokine values across the study (rs
= 0.41–0.56).

2.4. Analytic plan

First, preliminary analyses examined correlations between and
among the main study variables across the visits, as well as changes in
study variables over time. Next, multilevel mediation analyses were
conducted to test the study hypotheses that relationship satisfaction
would be linked to inflammation through perceived stress. This multi-
level modeling approach accounted for the non-independence in par-
ticipants’ data (i.e., an individual's scores on the same variable over
time) and maximized the use of existing data by including all partici-
pants in the analyses, regardless of missing data points (Brauer and
Curtin, 2018). Relationship satisfaction, stress, and inflammation were
assessed at each visit, allowing for within-person (i.e., level 1-1-1) and
between-person (i.e., level 2-2-2) mediation hypothesis testing. We
used the MLmed macro for SPSS (Rockwood and Hayes, 2017) with
robust standard errors (REM estimation) to simultaneously account for
within-person and between-person variability (Bauer et al., 2006).
Thus, variables at the within-person level were person-centered so that
participants’ scores at each visit reflected how much higher or lower
their satisfaction, stress, and inflammation deviated from their own
average across the study. At the between-person level, variables were
grand mean-centered to represent the average associations between
satisfaction, stress, and inflammation throughout the study. Indirect
effects were tested with Monte Carlo simulations generating 95% con-
fidence intervals (CIs) using 10,000 resamples and were significant if
the CIs did not include zero (Rockwood and Hayes, 2017). The effect of
chemotherapy treatment, comorbidities, body mass index (BMI), edu-
cation level, age, and time were controlled for in all analyses.

3. Results

3.1. Descriptives

Table 2 reports summary statistics for key study variables. Corre-
lations across the study showed that higher relationship satisfaction
was correlated with lower stress (rs = −0.22 to −0.43, ps< 0.04) but
not CRP levels (rs = −0.12 to 0.15, ps> 0.19) or the cytokine com-
posite (rs = −0.02 to 0.01, ps> 0.89). Stress was not associated with
CRP (rs = 0.03–.13, ps> 0.24) or the cytokine composite (rs =
0.02–0.09, ps> 0.28). Higher CRP was related to greater cytokine
composite scores at the first visit (r = 0.21, p = 0.01) but not at the
second or third visits (rs = 0.16–0.18, ps> 0.10). In addition, re-
lationship satisfaction scores were positively correlated across the visits
(rs = 0.52–0.82, ps< 0.001), as were stress (rs = 0.43–0.70,
ps< 0.001), CRP (rs = 0.71–0.74, ps< 0.001), and cytokines compo-
site levels (rs = 0.62–0.82, ps< 0.001).
We then conducted linear mixed models to examine changes in re-

lationship satisfaction, perceived stress, CRP, and cytokine composite
scores over time (see Table 2 for estimated marginal means and stan-
dard deviations). This approach allowed for explicit modeling of the
within-person correlation across visits. Relationship satisfaction was
higher at the first visit (before treatment) compared to the second visit
(6 months after treatment; b = 1.38, β = 1.38, SE = 0.40, p = 0.001,

Table 1
Baseline characteristics of breast cancer survivors.

Number (%)

Race
White 120 (86%)
Black 10 (7%)
Other 9 (7%)
Education
<College 62 (44%)
≥College 77 (56%)
Cancer stage
0 29 (21%)
I 53 (38%)
II 40 (29%)
IIIA-C 16 (12%)
Cancer treatment
Surgery only 40 (29%)
Radiation and surgery 36 (26%)
Chemotherapy and surgery 24 (17%)
Radiation, chemotherapy, and surgery 38 (28%)

Note: The reported data reflect information obtained at the first visit.

Table 2
Estimated marginal means and standard errors of primary study variables.

Visit 1 Visit 2 Visit 3

Relationship satisfaction 16.07a (0.46) 14.70b (.43) 15.15b (0.43)
Stress 5.86a (0.30) 4.18b (.29) 4.34b (0.30)
CRP (log10) 0.05 (0.05) 0.04 (0.05) 0.13 (0.06)
Cytokine composite (log10) −0.03 (0.07) −0.04 (0.07) −0.08 (0.08)

Note: CRP = C-reactive protein. Cytokine composite reflects a composite of
TNF-α, IL-6, and IL-1β (standardized and averaged). CRP and cytokine com-
posite data are log transformed, consistent with the analyses. Means that do not
share the same superscript differ at p<0.05.
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95% CI [0.601, 2.161]) and third visit (18 months after treatment; b =
0.92, β= 0.92, SE = 0.40, p = 0.02, 95% CI [0.136, 1.709); there were
no differences between relationship satisfaction at the second and third
visits (b =−0.46, β=−0.46, SE = 0.36, p = 0.21, 95% CI [−1.177,
0.259). Perceived stress was higher at the first visit than at the second
(b = 1.67, β= 1.67, SE = 0.28, p<0.001, 95% CI [1.119, 2.226]) and
third visits (b = 1.52, β = 0.1.52, SE = 0.31, p<0.001, 95% CI
[0.914, 2.122]; stress was not different at the two post-treatment visits
(b = −0.15, β = −0.15, SE = 0.29, p = 0.60, 95% CI [−0.735,
0.426]). CRP levels did not change over time (ps< 0.06), nor did cy-
tokine composite levels (ps< 0.43).

3.2. Multilevel mediation analyses predicting CRP

We first conducted multilevel mediation analyses to test the indirect
effect of relationship satisfaction on CRP through stress while si-
multaneously accounting for within-person and between-person varia-
bility (see Fig. 1 for coefficients). At both the within- and between-
person levels, higher relationship satisfaction was associated with lower
perceived stress (pwithin = 0.04, 95% CI [−0.274, −0.008];
pbetween< 0.001, 95% CI [−0.357, −0.124]). Higher stress was also
linked to higher CRP levels (pwithin< 0.001, 95% CI [0.132, 0.174];
pbetween = 0.001, 95% CI [0.033, 0.096]). Relationship satisfaction was
not directly associated with CRP with and without perceived stress in
the model (ps> 0.06), however, it was indirectly related to CRP
through perceived stress at both within- and between-person levels
(pwithin = 0.04, 95% CI [−0.042, −0.001]; pbetween = 0.004, 95% CI
[−0.027, −0.006]). That is, at the within-person level, visits at which
survivors had higher relationship satisfaction than usual, the less
stressed they felt, which in turn was associated with lower than their
own average levels of CRP. At the between-person level, compared to

their less satisfied peers, survivors who had greater relationship sa-
tisfaction throughout the study had lower stress, which was related to
lower levels of CRP. Thus, the beneficial effects of satisfying relation-
ships on inflammation were transmitted through lower perceived stress
levels.
In addition to these main study variables, there were several sig-

nificant covariates. Perceived stress levels decreased over time (b =
−0.08, β=−0.21, SE = 0.02, p< 0.001, 95% CI [−0.101, −0.043])
and with age (b = −0.06, β = −0.16, SE = 0.02, p = 0.02, 95% CI
[−0.104, −0.011]). A higher number of comorbidities was also linked
to greater stress (b = 0.52, β = 0.16, SE = 0.25, p = 0.04, 95% CI
[0.035, 1.013]). BMI, education level, and chemotherapy treatment
were not related to perceived stress (ps> 0.35). For CRP, levels in-
creased over time (b = 0.01, β = 0.14, SE = 0.00, p = 0.002, 95% CI
[0.007, 0.022]), with age (b = 0.01, β = 0.07, SE = 0.00, p = 0.04,
95% CI [0.000, 0.017]), and among those with a higher BMI (b = 0.04,
β = 0.26, SE = 0.01, p< 0.001, 95% CI [0.026, 0.051]); che-
motherapy treatment, education level, and number of comorbidities
were not predictive of CRP (ps> 0.08).

3.3. Multilevel mediation analyses predicting inflammatory cytokines

Next, we assessed the indirect effect of relationship satisfaction on
the cytokine composite through perceived stress (see Fig. 2 for coeffi-
cients). Consistent with the model predicting CRP, higher relationship
satisfaction was linked to lower stress perceptions at the within- and
between-person levels (pwithin = 0.04, 95% CI [−0.275, −0.007];
pbetween< 0.001, 95% CI [−0.351, −0.119]). Likewise, as perceived
stress increased, so did cytokine composite levels (pwithin< 0.001, 95%
CI [0.178, 0.232]; pbetween = 0.007, 95% CI [0.036, 0.150]). There was
no direct link between relationship satisfaction and the cytokine

Fig. 1. CRP = C-reactive protein. Coefficients for the multilevel
mediation models on CRP, separately for the within- and between-
person level of analysis; unstandardized path coefficients (and
standard errors) are shown first, followed by standardized path
coefficients. Within-person analyses demonstrate associations
among fluctuations in relationship satisfaction, stress, and in-
flammation from visit to visit. Between-person analyses demon-
strate associations among average relationship satisfaction, stress,
and inflammation across the study.
*p<0.05; **p<0.01; ***p<0.001
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composite with and without perceived stress in the model (ps> 0.27);
however, as with the model with CRP as the outcome, the indirect effect
of relationship satisfaction on cytokine composite levels through stress
was significant (pwithin = 0.04, 95% CI [−0.057, −0.001]; pbetween =
0.01, 95% CI [−0.041, −0.007]). At the within-person level, when
survivors’ relationship satisfaction was higher at a given visit compared
to their own average satisfaction across the study, the less stressed they
felt, which was associated with lower than their own average cytokine
levels. At the between-person level, higher relationship satisfaction
throughout the study was associated with lower perceived stress and in
turn lower cytokine levels.
Significant covariates indicated that stress decreased over time (b =

−0.08, β=−0.21, SE = 0.02, p< 0.001, 95% CI [−0.108, −0.043])
and with age (b = −0.06, β = −0.17, SE = 0.02, p = 0.01, 95% CI
[−0.106, −0.013]). As the number of comorbidities increased, so did
stress levels (b = 0.55, β= 0.17, SE = 0.25, p = 0.03, 95% CI [0.071,
1.045]). BMI, education level, and chemotherapy treatment were not
related to stress (ps> 0.39). Lastly, increases in survivors’ age were
associated with higher cytokine composite levels (b = 0.02, β = 0.16,
SE = 0.01, p = 0.03, 95% CI [0.003, 0.033]); time, BMI, education
level, chemotherapy treatment, and comorbidities were not related to
cytokine composite levels (ps> 0.10).

3.4. Alternative models

Although the purpose of this study was to assess the indirect effects
of relationship satisfaction on inflammation through stress, it is possible
that stress was indirectly related to inflammation through relationship
satisfaction. Therefore, we tested alternative models with stress pre-
dicting changes in relationship satisfaction and in turn inflammation.
For the model predicting CRP, fit indices indicated that the hypothe-
sized model with relationship satisfaction as the predictor had better fit

(AIC = 1825.72) than the alternative model with stress as the predictor
(AIC = 1954.36). Similarly, model fit for the hypothesized model
predicting the cytokine composite had better fit (AIC = 2064.40) than
the alternative model (AIC = 2192.36). These results suggest that the
hypothesized model with relationship satisfaction as the predictor
should be retained. In addition, it is plausible that relationship sa-
tisfaction and stress combine to impact inflammation. We therefore
tested models with interactions between relationship satisfaction and
stress, rather than indirect effects. These interactions did not sig-
nificantly predict CRP or cytokine composite levels at the within- or
between-person levels (ps< .28), providing additional confidence in
our proposed models.

4. Discussion

Consistent with our hypotheses, breast cancer survivors in highly
satisfying romantic relationships felt less stressed and in turn had lower
levels of inflammation throughout the study. The connection between
satisfying relationships and lower stress and inflammation were shown
when examining their associations both within and between survivors;
at visits in which survivors were more satisfied with their relationships,
they also reported less perceived stress than usual, which ultimately
was related to lower than their own average CRP and cytokine levels.
Likewise, greater relationship satisfaction throughout the study was
associated with lower perceived stress, which in turn was linked with
lower levels of the inflammatory markers. These findings illustrate the
utility of a within-person approach to not only consider the average
effects of relationship satisfaction, but also how changes in a survivor’s
own relationship satisfaction impact stress and inflammation over time.
Importantly, the beneficial effects of survivors’ satisfying relation-

ships on inflammation were indirect through lower stress; that is, re-
lationship satisfaction was not directly associated with inflammation.

Fig. 2. Cytokine composite reflects a composite of TNFα-, IL-6,
and IL-1β (standardized and averaged). Coefficients for the mul-
tilevel mediation models on pro-inflammatory cytokine levels,
separately for the within- and between-person level of analysis;
unstandardized path coefficients (and standard errors) are shown
first, followed by standardized path coefficients. Within-person
analyses demonstrate associations among fluctuations in re-
lationship satisfaction, stress, and inflammation from visit to visit.
Between-person analyses demonstrate associations among
average relationship satisfaction, stress, and inflammation across
the study.
*p<0.05; **p<0.01; ***p<0.001
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Identifying perceived stress as a psychological pathway through which
relationships influence immune function helps to explain why prior
work showed that marital satisfaction was not directly associated with
inflammation (Uchino et al., 2018); thus, perceived stress may be a key
link when considering connections between relationship satisfaction
and immune function. Indeed, prior work has demonstrated the inter-
vening role of psychological mechanisms on the link between re-
lationships and biological health (Robles et al., 2014; Robles and
Kiecolt-Glaser, 2003; Slatcher and Selcuk, 2016). This study paves the
way for future research to assess additional psychological and affective
pathways that may connect relationship perceptions to inflammation,
particularly among those who have a high risk for inflammation-related
health problems, such as breast cancer survivors.
Previous research has repeatedly shown ties between relationship

quality and immune function in healthy populations. For example,
people in satisfying and less distressing relationships had better im-
mune regulation and less inflammation after vaccination (Phillips et al.,
2006), during supportive and conflictual marital interactions (Kiecolt-
Glaser et al., 2005; 2003), and over a two-year period (Jaremka et al.,
2013b). The present study extends these findings to breast cancer sur-
vivors and provides evidence for relationship satisfaction as a robust
predictor of survivors’ inflammation. Breast cancer survivors with ele-
vated inflammation have a high risk for cancer recurrence, premature
mortality, and developing serious comorbid health conditions such as
cardiovascular disease, osteoporosis, and diabetes (Aggarwal et al.,
2006; Alfano et al., 2017; Pierce et al., 2009; Smyth et al., 2000).
Fostering survivors’ relationships and encouraging survivors to draw on
and connect with their partners may help reduce their inflammation
and promote their long-term health. As clinicians caring for cancer
survivors work to implement screening for distress in accordance with
national guidance from the American College of Surgeons’ Commission
on Cancer (2020) and the American Society of Clinical Oncology
(Andersen et al., 2014), these results underscore the need for screening
for relationship satisfaction and referral for couples’ counseling when
appropriate.
These findings also fit within previous research demonstrating how

satisfying relationships promote breast cancer survivors’ health. For
instance, survivors had better adjustment to their diagnosis and treat-
ment when their partners were supportive (Manne et al., 2005), open to
discussing personal feelings and cancer-related concerns (Manne et al.,
2004b), and made survivors feel accepted, understood, and cared for
(Manne et al., 2004a). The current study contributes to the literature by
revealing the importance of survivors’ relationships in how their stress
and inflammation changed before and after treatment. Thus, not only
can satisfying relationships enhance how survivors deal with their
cancer-related emotional and physical health consequences, fluctua-
tions in survivors’ relationship satisfaction can also help to lower their
stress and inflammation throughout treatment. These findings also
provide insight into how changes in relationship satisfaction may
contribute to stress and inflammation in other illness contexts. For in-
stance, when managing an illness with a slow onset, people may not
experience as many changes, or as intense changes, in their relation-
ships. However, the uncertainty about a disease’s progression or the
unpredictability in symptom flare-ups over many years may wear on
relationships, reducing their typical salutary effects. Thus, future re-
search can draw on the current study to understand how relationships
connect to inflammation across several illnesses.
The current study also has important implications for understanding

how to leverage breast cancer survivors’ relationships to promote
health. Much of the research connecting romantic relationships to
health demonstrates a harsher effect of stress on women’s health than
that of men (Kiecolt-Glaser and Newton, 2001; Umberson et al., 2006).
In addition, research has focused on how the negative aspects of re-
lationships harm health, neglecting the positive aspects of relationships
that may bolster health in times of stress (Robles and Kiecolt-Glaser,
2003). The present study addresses these gaps by emphasizing the

positive aspects of relationships and by focusing on women’s health. By
exploring these important avenues, the findings demonstrated that sa-
tisfying relationships indeed were linked to lower stress and in turn
lower inflammation during early breast cancer survivorship, providing
evidence for a novel health-promoting effect of women’s satisfying re-
lationships.
Key study strengths include assessment of survivors from breast

cancer diagnosis to 18 months after cancer treatment. In particular, the
pre-treatment assessment helped to push the boundaries of our current
knowledge of how romantic relationships contribute to survivors’ in-
flammation before receiving treatment and during early survivorship.
Moreover, the longitudinal examination allowed for comparison both
between and among survivors, providing novel insight into how
changes in a survivor’s relationship satisfaction from visit to visit pre-
dicted changes in stress and inflammation across the study. This work
also identified perceived stress as mechanistic pathway through which
satisfying relationships are linked with breast cancer survivors’ in-
flammation. Additionally, examination of low-grade inflammation and
proinflammatory cytokines demonstrated ties between relationship sa-
tisfaction, stress, and inflammation across several important in-
flammatory markers.
One limitation of this study was the diversity of the sample. Though

the current study showed that relationship satisfaction was linked to
inflammation through lower stress while accounting for important
confounds, such as BMI, age, education level, comorbidities, and cancer
treatment, participants’ demographic characteristics were fairly
homogenous. Although the current study controlled for the effects of
cancer treatment, the group sizes for treatment type and cancer stage
were too small to assess indirect effects of relationship satisfaction on
inflammation within these specific sub-groups. Researchers should ex-
amine how relationship perceptions impact survivors’ inflammation,
directly and indirectly, based on how intensive their treatment is and
the stage of their diagnosis. In addition, we cannot draw conclusions
about the role of physiological stress. Among cancer survivors, greater
physiological stress promotes inflammation-related symptoms such as
fatigue (Fagundes et al., 2011), and physiological and psychological
stress often work in tandem to influence health (Kiecolt-Glaser, 2018).
Future work assessing breast cancer survivors’ psychological and phy-
siological stress is needed to tease apart their effects.
In this longitudinal study on breast cancer survivors, we demon-

strated that high relationship satisfaction was associated with lower
stress and in turn inflammation levels within and between survivors. At
visits in which survivors were more satisfied with their relationships,
they also perceived less stress, which was associated with lower than
their own average levels of inflammation. Likewise, survivors who were
satisfied with their romantic relationship throughout the study also
perceived less stress and consequently had lower average inflammation
levels. This research paves the way for future studies to explore the
effects of relationships on inflammation in cancer survivors, as well as
provides psychological and immunological pathways through which
strong, satisfying relationships promote health.
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