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Abstract
Background: Social stressors, such as social relationship deficits, have been increasingly linked to chronic disease outcomes,
including cancer. However, critical gaps exist in our understanding of the nature and strength of such links, as well as the
underlying biological mechanisms relating social relationships
to cancer progression and survival.
Methods: Utilizing novel questionnaire and biomarker data
from the UNC Health Registry/Cancer Survivorship Cohort, this
study examines the associations between diverse measures of
social support and mortality risk among individuals with cancer
(N ¼ 1,004). We further assess the role of multiple serum markers
of inﬂammation, including high-sensitivity C-reactive protein
(CRP), IL6, TNFa, and VEGF, as potential mediators in the social
relationship–cancer link.
Results: The ﬁndings revealed that one's appraisal of their
social support was associated with cancer mortality, such that

individuals reporting higher levels of social support satisfaction had lower mortality risk than individuals reporting lower
levels of satisfaction. The amount of support received, on the
other hand, was not predictive of cancer survival. We further
found evidence that inﬂammatory processes may undergird
the link between social support satisfaction and mortality
among individuals with cancer, with individuals reporting
higher levels of social support satisfaction having lower levels
of CRP, IL6, and TNFa.
Conclusions: These results provide new knowledge of the
biosocial processes producing population disparities in cancer
outcomes.
Impact: Our study offers new insights for intervention
efforts aimed at promoting social connectedness as a means
for improving cancer survival. Cancer Epidemiol Biomarkers Prev;

Introduction

documented associations between social relationship deﬁcits
and mortality is substantial, with the health risks associated
with isolation being comparable to that of smoking and
exceeding those of other documented risk factors of mortality,
such as obesity and physical inactivity (9–11). In addition to
the detrimental health consequences of social isolation and
social relationship stress, research also provides overwhelming
evidence of the critical nature of positive social relationship
experiences, namely, high levels of social connectedness and
perceived social support, in maintaining and improving health
across the life course (12–14). In this way, the experiences
individuals have within the context of social relationships can
serve to promote or impede health and well-being.
Despite a growing body of research in this area, critical gaps
in our understanding of the links between social relationships
and health and disease risk remain. First, few studies examine
how social relationships are related to cancer survival, and, as a
result, there is limited understanding of the mechanisms producing such links. The lack of research linking social relationships to cancer outcomes is of critical population health
importance both because cancer is the second leading cause
of death in the United States and because there is increasing
evidence that social relationships are consequential for cancer
biology and survival (15). Animal studies have linked social
isolation to tumor growth and metastases (16), and studies of
humans have further linked lower levels of social embeddedness to poorer survival from breast (17), colorectal (18), and
lung cancer (19). On the other hand, research suggests that
having larger social networks and higher levels of social support
is associated with declines in cancer mortality (20). Still,

Research across disciplines documents the critical role of
social relationships in affecting health and disease risk. Social
relationship deﬁcits have been linked to a wide range of outcomes, including higher rates of cardiovascular disease (1, 2),
depression (3, 4), and infection (5). The stress associated with
social isolation, social relationship strain, and low levels of
social support have been further linked to a host of biological
markers of disease risk, including biomarkers of inﬂammation
(6, 7) and metabolic function (8). The magnitude of the
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whether or how social relationship characteristics relate to
cancer-related outcomes remains largely unexplored.
Furthermore, the biological mechanisms undergirding the
potential links between social relationship characteristics and
cancer survival also remain to be better understood. Increasingly,
researchers have highlighted the potential role of inﬂammation in
explaining the associations between different dimensions of
social relationships and cancer etiology and prognosis (21).
Chronic, systemic inﬂammation is a critical determinant of all
stages of carcinogenesis, including initiation, promotion, and
progression (22), and cancer prognosis (23, 24). Furthermore,
exposure to chronic stress, such as the stress associated with longterm social isolation or relationship strain, has been linked to
increased inﬂammation (7, 10, 25). On the other hand, high
levels of social integration and support have been linked to
decreased inﬂammation, which suggests that social relationships
can improve or sustain health by buffering against the upregulation of physiologic responses to stress exposure (26–28). Given
that cancer is a proinﬂammatory disease and that systemic inﬂammation has been increasingly linked to carcinogenesis and prognosis, assessing whether and how social relationships affect cancer
mortality through inﬂammatory processes may shed new light on
better prevention and intervention strategies.
In response to social stressors, activity in the autonomic nervous system, hypothalamic–pituitary–adrenal (HPA) axis, and
sympathetic nervous system (SNS) increases, resulting in the
release of a number of biochemical mediators of stress, such as
cortisol, catecholamines, and neuropeptides. Prolonged exposure
to these mediators resulting from chronic activation of physiologic stress response systems can alter inﬂammatory gene expression and promote inﬂammation in the tumor microenvironment
(29–31). Molecular studies suggest that the pathways linking
stress exposure to tumor growth and progression are primarily
activated by adrenergic receptors (ADR), which are found on
many different types of cancer cells and in the cells surrounding
the tumor microenvironment. In particular, macrophages, which
are a class of immune cells that both participate in tumor progression and cause chronic inﬂammation, may play an essential
role in linking stress, inﬂammation, and cancer (30). Furthermore, the chronic inﬂammation that results from prolonged
activation of physiologic stress response systems can impair
immune functions (32), which may be especially harmful
for individuals with cancer, as compromised immune states may
create an environment conducive to cancer progression (19, 31,
33, 34). Still, while social relationship characteristics such as
social integration and social support have been linked to overall
health, immune function, and inﬂammatory response generally,
whether inﬂammatory processes mediate the link between social
relationships and cancer outcomes has not been sufﬁciently
explored.
Second, previous literature on the links between social relationships and health, broadly, and cancer, speciﬁcally, is generally
limited in its measures of social relationships. Research on the
associations between social relationships and health generally
considers two primary dimensions of social relations: social
integration and social support. Whereas social integration generally refers to the structural dimension of social relationships by
reﬂecting the size, scope, and connectedness of social networks,
social support typically indicates the functional dimension of
relationships by reﬂecting the level of support an individual
receives or perceives from their network (12, 35). Most studies
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of the impact of social relations on health and disease risk focus on
the structural dimension of social relationships by utilizing indicators such as living arrangements (36), marital status (37), and
social network size (38). As a result, less is known about the role
of the functional dimension of social relationships, including
levels of social support and satisfaction with support, affect health
and mortality risk. Individuals can still perceive isolation or
loneliness despite having many social ties; conversely, having
one or two close social connections may lead to greater levels of
perceived support (35). Furthermore, research suggests that perceiving or receiving high levels of support from social network
members, regardless of the size or scope of network ties, may
dampen the physiologic arousal in response to social stress and
thus improve health and disease outcomes (8). Still, because most
studies of social relationships and health focus on the structural
dimension of social relationships, less is known about how the
support that one derives from their relationships relate to health,
generally, and cancer mortality, speciﬁcally. Furthermore, studies
on social support and health rely predominately on measures
indicating the level of support one receives without consideration
of the perceived quality of that support. As such, consideration of
multiple aspects of social relationships is critical to advancing
understanding of how individuals' social ties, as well as their
assessments of those relationships, produce population disparities in cancer outcomes.
In sum, previous research documents social relationship gradients in health and disease, and studies also offer evidence of
inﬂammation–cancer links. However, these two bodies of
research have not been fully integrated to examine how social
conditions, such as different aspects of social support, "get under
the skin" through inﬂammatory pathways to affect cancer survival. Using cohort study data from the University of North Carolina
at Chapel Hill Health Registry/Cancer Survivorship Cohort (HR/
CSC) study (2010–2016), this study breaks new ground by
examining how diverse measures of social support are associated
with cancer mortality. In particular, we assess how two indicators
of social support, namely, satisfaction with social support (e.g.,
support quality) and level of social support (e.g., support quantity), relate to cancer mortality. In addition, utilizing recently
assayed biomarker data, we further assess the links between social
relationship support and inﬂammatory markers to gauge whether
inﬂammatory processes may help to explain the associations
between social support and cancer survival. By integrating social
and biological data on a cohort of cancer survivors, this study
provides new evidence of how supportive social relationships
impact cancer outcomes and offers critical insights into intervention efforts aimed at improving cancer survival.

Materials and Methods
Data from this study comes from the HR/CSC, which integrates
clinical, epidemiologic, and interview data with repositories of
biologic specimens. Consistent with the American Cancer Society
(deﬁnition available at https://www.cancer.org/), this study
recognizes cancer survivorship as including individuals who have
received a cancer diagnosis, regardless of treatment status. The
HR/CSC is a hospital-based registry of incident and prevalent
adult cancer survivors age 18 years of age and older, with appointments in outpatient oncology clinics between 2010 and 2016,
that speak English or Spanish. Patients who could not provide
informed consent or who could not complete the interview
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questionnaires were excluded. The analytic sample for the current
study was further restricted to HR/CSC participants who had a
pathologically conﬁrmed cancer diagnosis, completed baseline
questionnaires, had abstracted medical records, available serum,
blood draw was outside the treatment window, and had complete
data on the variables used in the analysis as of October 2015.
Participants with blood drawn "outside the treatment" window
included those whose blood was drawn prior to treatment, or had
no treatment, or whose blood was drawn more than 56 days after
surgery and/or greater than 240 days after chemotherapy or
radiation. We also excluded participants who were diagnosed
more than 90 days after consent. Together, these restrictions
resulted in an analytic sample group of 1,104 participants.
A cohort discovery ﬂow chart outlining sample inclusion/exclusion criteria is provided in Supplementary Fig. S1. All study
protocols for the HR/CSC were Institutional review board (IRB)
approved (UNC IRB#09-0605), and all participants provided
written informed consent. This study was performed after obtaining IRB approval and was conducted in accordance with U.S.
Common Rule.
Outcomes for this study include all-cause mortality (1 ¼
died), which was ascertained from North Carolina Vital Records.
Of the respondents who died during the period of observation, a
majority (110 respondents, representing approximately 68% of
all deaths) had cancer as the cause of death. Supplementary
analysis using cancer-speciﬁc mortality as an outcome yielded
substantively similar results to models using all-cause mortality
as the outcome. Given that models utilizing all-cause mortality
had greater statistical power, we used all-cause mortality as the
key outcome of interest in the study. Other outcomes include
continuous measures of four key biomarkers of inﬂammation:
high sensitivity C-reactive protein (CRP; from 0.1 mL serum),
IL6, TNFa, and VEGF (from 0.1 mL serum). The biomarkers of
inﬂammation were measured in HR/CSC participant blood
serum samples using the Bio-Plex 200, a multiplex immunoassay system based on the Luminex technology. For each individual marker, samples with levels that were below the detection
level or out of range exceeding the maximum level were excluded from the analyses (CRP: 113 cases excluded; IL6: 172 cases
excluded; TNFa: 12 cases excluded; VEGF: 89 cases excluded). In
the ﬁnal analyses, all measures of inﬂammation are log transformed to account for skewness.
Our measures of social relationship quality were derived
from questions asked as part of the HR/CSC Baseline Questionnaires, a computer-assisted telephone interview administered by trained study staff following enrollment, and reﬂect
the functional dimension of social relationships. The measure
of satisfaction with social support comes from the PatientReported Outcomes Measurement Information System – Global
(PROMIS-Global). Study participants were administered
PROMIS questionnaire v1.0 Global, which is a 10-item scale
that measures the domains of physical function, fatigue, pain,
emotional distress, and social health (39). Our measure of
satisfaction with social support was ascertained by asking study
participants "In general, how would you rate your satisfaction
with your social activities and relationships?" The measure is
coded so that "1" indicates poor satisfaction and "5" indicates
excellent satisfaction. Level of social support was measured by
the social/family well-being subscale of the Functional Assessment of Cancer Therapy – General Population (FACT-GP),
version 4, which is a 21-item scale that measures health-related
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quality of life (40). Our measure of level of social support is a
composite measure indicating participants' perceived level of
support from family, friends, and partners. For each individual
indicator of perceived support, we created a dummy variable
where "1" indicated membership in the highest quartile of
support. We then summed the dummy indicators to derive a
continuous score of quantity of overall support as well as a
dichotomized variable with a value of "1" representing high
support as indicated by being in the top quartile.
Other covariates include age, sex, race, marital status, education, smoking status, physical activity, alcohol use, and
cancer characteristics such as cancer stage and an incident/
prevalent case status (incident status indicates a participant
who consented to participate in the study less than 30 days after
diagnosis or less than 90 days before diagnosis; prevalent status
indicates a participant who consented 30 or more days after
diagnosis). Details regarding the coding of the covariates are
presented in Table 1.
We employed a multistaged analysis to examine the associations between social relationship support, cancer mortality, and
biomarkers of inﬂammation. First, we conducted univariate and
bivariate descriptive analyses, which both describe our sample
characteristics and offer preliminary evidence of the associations
between the covariates, inﬂammation, and mortality. We then
assessed the associations between the two measures of social
relationship support and mortality using Cox proportional
hazard models for time-to-event analyses. We examined the
associations between the two measures of social support and
mortality separately and jointly, ﬁtting the models in a step-wise
fashion by adjusting ﬁrst for age, sex, and race and then the full
set of covariates. Next, to assess of the associations between
social support variables and each of the four inﬂammatory
markers, we estimated step-wise multivariate regression models
ﬁrst adjusting for age, sex, race and then the full set of covariates.
To probe whether inﬂammatory processes may mediate the
association between social support and cancer mortality, we
ﬁrst utilized Cox proportional hazard models to assess the
associations of the four inﬂammatory markers and mortality
individually and then jointly. Finally, we used Cox proportional
hazard models to estimate the associations of social relationship
support and mortality, adjusting for each marker of inﬂammation individually and then jointly.

Results
Descriptive statistics for the sample are presented in Table 1.
Figure 1 presents the distribution of the biomarkers of inﬂammation by sex. In Fig. 2, we present the bivariate associations
between our measures of social support and mortality using
Kaplan–Meier survival curves. In both Table 1 and Fig. 2, we
document a gradient in the association between satisfaction
with social support and mortality risk, with individuals reporting
poor satisfaction with their social support having higher death
rates than individuals reporting higher levels of satisfaction
with their social support (P < 0.001). As reported in Fig. 2, we
do not ﬁnd statistical evidence of a social gradient in mortality
risk by level of social support either measured continuously or
dichotomously. The subsequent analyses used the dichotomized
level of support only because it yielded a better model ﬁt.
Results of the Cox proportional hazards models examining
the relationships between the measures of social support and
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Table 1. Sample descriptive statistics

Variable
Death (1¼died)
Satisf. social support
Poor
Fair
Good
Very good
Excellent
Level of social support
Low
High
Age (baseline)
Sex
Male
Female
Race/ethnicity
White
Nonwhite
Marital status
Not married
Married
Smoking
Nonsmoker
Smoker
Physical activity level
No physical activity
Low
Moderate
High
Alcohol use
Nondrinker
Drinker
Education
<HS
HS
Some college
BAþ
Stage
0, I, II
III
IV
Incident/Prevalent
Prevalent
Incident
Cancer site
Breast
Colon
Uterine
Prostate
Skin
Other

Mean/%

Number of deaths

N

Death rate
(deaths/1,000 person-years)

15.96

161

1,009

39.74

3.67
8.92
29.83
35.68
21.90

10
18
56
47
25

37
90
301
360
221

59.39
55.19
45.73
35.18
28.61

60.57
39.43
60.21

90
61
—

590
384
1,009

32.11
62.11
—

27.65
72.35

64
92

279
730

54.51
33.44

79.88
20.12

133
23

806
203

42.25
29.60

34.69
65.31

64
92

350
659

53.27
33.78

91.97
8.03

141
15

928
81

38.49
57.40

23.89
31.12
24.78
20.22

53
36
40
27

241
314
250
204

65.33
29.09
39.59
31.18

31.81
68.19

55
101

321
688

51.12
35.45

6.44
21.9
27.45
44.2

13
35
44
64

65
221
277
446

61.02
43.09
41.83
34.63

68.48
22.79
8.72

68
59
29

691
230
88

24.58
68.96
95.76

51.44
48.56

92
64

519
490

31.60
63.11

22.5
6.64
21.41
4.06
7.73
37.66

26
15
17
5
12
81

227
67
216
41
78
380

20.73
44.61
37.27
19.64
43.61
60.04

a

Abbreviations: HS, high school; BAþ, bachelor's degree or higher.

mortality are presented in Table 2. Model 1 is the basic adjusted model that controls for age, sex, and race, and Model 2 is
the fully adjusted model that includes the full set of covariates.
Adjusting for time since diagnosis did not show that it has
impact beyond the incidence/prevalence status. While we
again ﬁnd no associations between level of social support
and mortality risk, we ﬁnd that satisfaction with social support is signiﬁcantly associated with mortality risk, such that
increases in satisfaction with social support are associated
with decreased mortality risk in the basic adjusted model
[HR¼0.808; 95% conﬁdence interval (CI): 0.700–0.931, P ¼
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0.003]. In the fully adjusted model, this association was
attenuated with the inclusion of the measure of physical
activity, in particular, suggesting that physical activity may
serve as a mechanism linking satisfaction with social support
and mortality. Consistent with these results, supplementary
models that jointly adjusted for satisfaction with support and
level of support and also adjusted for age, sex, and race
indicated that only satisfaction with support had signiﬁcant
associations with mortality risk.
Table 3 includes results of the multivariate regression models of
the associations between the measures of social support and the
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Figure 1.
Biomarker descriptive statistics by sex. Figure 1 contains an image of four box plots displaying the distributions of the biomarkers of inﬂammation,
stratiﬁed by sex. The upper left quadrant of the ﬁgure presents box plots for the distribution of C-reactive protein (CRP) for men and women. The upper
right quadrant of the ﬁgure presents box plots for the distribution of IL6 for men and women. The bottom left quadrant of the ﬁgure presents box
plots for the distribution of TNFa for men and women. The bottom right quadrant of the ﬁgure presents box plots for the distribution of VEGF for men
and women.

biomarkers of inﬂammation. For each biomarker, models with
the subscript "a" are the basic adjusted models that include
controls for age, sex, and race, and models with the subscript
"b" are the fully adjusted models that include the full set of
covariates. Consistent with the mortality analyses presented
in Table 2, we ﬁnd that satisfaction with social support is more
strongly associated with the biomarkers of inﬂammation than
level of social support. In Models 1a and 2a, we ﬁnd that increases
in satisfaction with support are associated with lower levels of log
CRP (-0.044, P ¼ 0.090) and IL6 (-0.090, P ¼ 0.011), respectively.
We also ﬁnd a relationship between satisfaction with support and
TNFa that persists across both the basic (-0.043, P ¼ 0.004) and
fully adjusted (-0.036, P ¼ 0.025) models, where those reporting
poor satisfaction with support also have higher levels of inﬂammation than individuals reporting higher levels of satisfaction
with social support.
We ﬁnd no statistically signiﬁcant associations between level
of social support and CRP, VEGF, or IL6. However, as reported
in Table 3, we ﬁnd that individuals reporting high levels of

www.aacrjournals.org

support have lower levels of TNFa in both the basic (-0.083,
P ¼ 0.012) and fully adjusted (-0.076, P ¼ 0.022) models.
Results of the Cox proportional hazard models estimating
the associations between the inﬂammatory markers and mortality indicated that all four individual inﬂammatory markers
were positively associated with mortality, with individuals
having higher levels of inﬂammation being at increased risk
of mortality (see Supplementary Table S1 for model results). In
particular, the markers of CRP and IL6 had particularly strong
associations with mortality in both the independent and joint
models. Given that CRP and IL6 were strongly associated with
both satisfaction with social support and mortality risk, these
results suggest that these two inﬂammatory makers could
play a role in linking satisfaction with support and cancer
mortality risk.
Finally, Table 4 includes results from the Cox proportional
hazards models that adjust for the markers of inﬂammation
both individually and jointly, with basic adjustments for
age, sex, and race. These models assess whether inﬂammatory
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Figure 2.
Kaplan–Meier survival estimates of associations of social support with survival. Figure 2 contains an image of two Kaplan–Meier survival estimates of the
associations of the two measures of social support with survival. The left side of the ﬁgure presents the Kaplan–Meier survival estimates by level of
satisfaction with support. The right side of the ﬁgure presents the Kaplan–Meier survival estimates by level of social support.

processes may mediate the associations between social support and mortality. Given that results from the previous stages
of analysis indicated a particularly strong association between
satisfaction with social support and mortality risk, the ﬁndings
in Table 4 focus solely on the associations between satisfaction with social support, inﬂammation, and mortality risk.
Consistent with the results in Table 2, results from Models
1–6 of Table 4 indicate a protective beneﬁt of increasing
satisfaction with social support on mortality risk. Across models 2, 3, and 4, we also document positive associations between
log CRP (HR¼1.878, 95% CI: 1.475–2.391, P < 0.001), log IL6
(HR¼1.342, 95% CI: 1.163–1.548, P < 0.001), log TNFa
(HR¼1.532, 95% CI: 1.016–2.310, P ¼ 0.042), and VEGF
(HR¼1.286, 95% CI: 1.013-1.633, P ¼ 0.039) and mortality,
respectively, with higher levels of inﬂammation putting individuals at an increased mortality risk. Furthermore, including
the measures of log CRP, log IL6, and TNF-a in models 2–4
reduced the statistical signiﬁcance of the association between
satisfaction with social support and mortality risk in the
respective models. When all four measures of inﬂammation
are jointly included in model 6, the measure of satisfaction
with social support is only marginally associated with mortality
risk, while log CRP and log IL6 maintain associations with
mortality. Together, the results presented in Supplementary
Table S1 and Table 4 offer preliminary evidence that inﬂam-

matory processes may mediate the association between satisfaction with social support and mortality among individuals
with cancer.

Discussion
Social stressors such as social relationship deﬁcits have been
increasingly linked to cancer outcomes (17, 18, 34). However,
critical gaps exist in our understanding of the nature and
strength of such links, as well as the underlying biological
mechanisms relating social relationships to cancer progression
and survival. This study provides new insights into the biosocial linkages undergirding the associations between social
relationships and one key cancer outcome in a large sample of
cancer patients.
Findings from this study offer two key contributions to the
literature. First, we ﬁnd that satisfaction with support, more
than overall level of social support, is particularly relevant
to cancer survival. As indicated in Tables 1–4, we document
that cancer patients reporting greater levels of satisfaction
with their social support report have lower risk of mortality
compared with cancer patients with lower levels of satisfaction
with their support. In contrast, we found no association
between overall level of social support and mortality risk.
As discussed, supplementary analyses utilizing alternative

Table 2. Associations of social support and mortality risk
Model 1
Social support measure
Satisfaction with social support

Model 2

HR (95% CI)

P

HR (95% CI)

P

0.808
(0.700–0.931)

0.003

0.892
(0.762–1.045)

0.157

0.928
(0.661–1.304)

0.668

0.966
(0.683–1.366)

0.844

N ¼ 1,004
Level of social support (1¼high)

N ¼ 970
NOTE: Results of Cox proportional hazards models. HRs with 95% CIs and corresponding P values are presented. Model 1 adjusts for age, sex, and race. Model 2
adjusts for age, sex, race, marital status, education, smoking, physical activity, alcohol use, cancer stage, and incident/prevalent case status.
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Table 3. Associations of social support and biomarkers of inﬂammation
Log CRP
Log IL-6
Log TNF-a
Log VEGF
Model 1a
Model 1b
Model 2a
Model 2b
Model 3a
Model 3b
Model 4a
Model 4b
Coeff. (SE) P Coeff. (SE) P Coeff. (SE) P Coeff. (SE) P Coeff. (SE) P Coeff. (SE) P Coeff. (SE) P Coeff. (SE) P
Social support
Satisfaction
0.044 0.090 0.002 0.950 0.090 0.011 0.032 0.391 0.043 0.004 0.036 0.025 0.037 0.158 0.038 0.174
with social
(0.026)
(0.027)
(0.035)
(0.038)
(0.015)
(0.016)
(0.026)
(0.028)
support
N ¼ 906
N ¼ 847
N ¼ 999
N ¼ 926
Level of social 0.039 0.481 0.016 0.766 0.099 0.199 0.068 0.368 0.083 0.012 0.076 0.022 0.046 0.417 0.029 0.612
support
(0.055)
(0.055)
(0.077)
(0.076)
(0.033)
(0.033)
(0.057)
(0.057)
(1¼high)
N ¼ 872
N ¼ 823
N ¼ 965
N ¼ 894
NOTE: Results of OLS regression models. Coefﬁcient estimates, SEs, and corresponding P values are presented. Models with the subscript "a" adjust for age, sex, and
race. Models with the subscript "b" adjust for age, sex, race, marital status, education, smoking, physical activity, alcohol use, cancer stage, and incident/prevalent
case status.

operationalizations of the measure of level of social support,
including a continuous measure and dichotomous measures
employing different cut-off points, provided similar ﬁndings,
such that cancer patients' perception of their overall level of
social support did not affect their mortality risk. In this way,
ﬁndings from this study suggest that one's subjective appraisal
of their social relationship support is more important to cancer
prognosis and survival than the actual level of social support
received. Population-based studies have documented a strong
and consistent association between levels of social support and
a host of outcomes (8, 10, 41, 42), yet our study did not ﬁnd
evidence of this association. These ﬁndings may have theoretical and methodologic underpinnings. Our analytic sample is
comprised of individuals who have received a cancer diagnosis, who may require a particular type of support, different
from the general population. Receiving a cancer diagnosis and
undergoing cancer treatment may invoke a particular set of life
stressors for individuals, placing new and different demands
and responsibilities on spouses, partners, friends, and family
that are different from the everyday stressors and strains of the
overall population (43). We conducted supplementary analyses that tested whether those with incident and prevalent
status received differential health protections from their satisfaction with their social support. Although we did not ﬁnd
statistical evidence of an interaction, stratiﬁed models suggested that subjective appraisal of social support may be more
protective for individuals with recent diagnoses—that is, the
incident cases. In this way then, the quality of social relationships and the cancer patients' subjective appraisal of these
sources of support may become particularly important for
their psychosocial functioning and survival as they handle the

stress associated with diagnosis. While more research is needed, ﬁndings from this study highlight the essential nature of
subjective appraisal of social ties for promoting positive outcomes for individuals with cancer.
Second, this study also offers preliminary evidence that the
protective effect of satisfaction with social support on mortality
risk may be related to its ability to reduce inﬂammatory
responses in cancer patients. While most prior population
research on inﬂammation is restricted to markers of systemic
inﬂammation such as CRP, this study used multiple markers
involved in angiogenesis and tumor growth, including IL6,
TNFa, VEGF, as well as CRP. We documented consistent associations between satisfaction with social support and biomarkers of inﬂammation, as presented in Table 3, such that individuals reporting higher levels of satisfaction with their social
relationships also had lower levels of CRP, TNFa, and IL6. Our
results were also suggestive that inﬂammatory processes may
mediate the association between social relationships and mortality. We found that the markers of inﬂammation were positively associated with mortality risk. As we further reported
in Table 4, including the markers of inﬂammation in models
assessing the association between satisfaction with social support and mortality risk reduced the statistical signiﬁcance of the
associations between satisfaction with support and mortality.
Formal mediation tests using a bias-corrected bootstrapping
method (6, 44, 45) were also suggestive that CRP and IL6, in
particular, accounted for a considerable portion of the association between satisfaction with support and mortality risk,
although our formal mediation analyses were limited by relatively low statistical power. Research documents that inﬂammation is a critical determinant of all stages of carcinogenesis

Table 4. Associations of satisfaction with social support and biomarkers of inﬂammation and mortality risk
Model 1
Model 2
Model 3
Model 4
Model 5
HR (95% CI)
P
HR (95% CI)
P
HR (95% CI)
P
HR (95% CI)
P
HR (95% CI)
P
Satisfaction w/social
0.792
0.005
0.849
0.053
0.836
0.035
0.806
0.010
0.788
0.004
support
(0.673–0.931)
(0.720–1.002)
(0.708–0.987)
(0.684–0.949)
(0.669–0.928)
Log CRP
1.878
<0.001
(1.475–2.391)
Log IL6
1.342
<0.001
(1.163–1.548)
Log TNFa
1.532
0.042
(1.016–2.310)
Log VEGF
1.286
0.039
(1.013–1.633)

Model 6
HR (95% CI)
P
0.859
0.076
(0.727–1.106)
1.642
<0.001
(1.257–1.143)
1.182
0.078
(0.981–1.424)
1.075
0.740
(0.701–1.650)
1.139
0.296
(0.892–1.456)

NOTE: HRs with 95% CIs and corresponding P values. Models adjust for age, sex, and race.
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(22) and cancer prognosis (23, 24). Studies further indicate that
exposure to social stressors upregulate inﬂammatory response
(10, 21, 25) and that social relationships can help to buffer
against the health-harming physiologic consequences of stress
exposure, including inﬂammation (46). Our study breaks new
ground by combining these disparate bodies of research to offer
preliminary evidence that inﬂammatory processes may help to
explain the documented links between social relationships and
cancer survival. By altering inﬂammatory gene expression,
promoting inﬂammation in the tumor microenvironment, and
impairing immune functions (29–32), exposure to social relationship stress and social isolation may have particularly deleterious consequences for individuals with and at greatest risk
for cancer. Conversely, receiving or perceiving high quality
social support might improve outcomes for cancer survivors
by decreasing inﬂammation.
This study is not without limitations. Data for this study
came from a hospital-based registry data of cancer patients in
North Carolina, which may limit our ability to make generalizations to cancer patients in other geographic locations.
Furthermore, our sample consists of a slightly higher proportion of whites as compared to the total U.S. population and
also has higher levels of educational attainment. To the extent
that our sample consisted of relatively high proportions of
whites and highly educated individuals, our results may be
conservative given positive associations between high socioeconomic status and social support, in particular (45). Continued research with diverse samples will improve understanding of population disparities in social relationships, inﬂammation, and cancer outcomes. In addition, while we offer
preliminary evidence that inﬂammatory processes may undergird the association between social relationship satisfaction
and mortality, more research with larger samples is needed to
provide more robust tests for mediation. Furthermore, the lack
of measures on the structural dimension of social relationships, such as the number of social ties, restricts our ability to
compare and contrast the relative importance of quantity and
quality of relationships in affecting cancer outcomes. The lack
of patient-reported prospective, longitudinal data on respondents also limits our ability to make causal inferences. Finally,
because we cannot fully account for comorbidities at the time
of blood draw, confounding of inﬂammation levels and comorbidity is a possibility. While our study breaks new ground in
linking social relationships, inﬂammation, and cancer mortality,
we urge future research to build on our ﬁndings to further probe
these associations.
Given that cancer is increasingly a leading cause of death in
the United States, understanding the social and biological
mechanisms that shape cancer outcomes is of pressing scientiﬁc and population health concern. Findings from this study

offer new evidence of the essential nature of social relationships in promoting health and survival among individuals
with cancer, which has both clinical and therapeutic implications. Our ﬁndings suggest that the development and maintenance of social relationships is of critical health importance
for individuals with cancer, particularly as they confront new
and intense demands associated with diagnosis and treatment.
In addition, by improving knowledge of the inﬂammatory
mechanisms relating speciﬁc social relationships to survival,
this study offers new insights of how and why the presence of
positive, supportive social ties may be particularly essential for
individuals with cancer, especially those with cancer types
affected by immune disorders. Together, ﬁndings from this
study suggest that the nurturing of social relationships should
be a vital element of cancer prevention, treatment, and control
efforts.
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