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Abstract

Though larger social networks are associated with reduced breast cancer mortality, there is a need 

to clarify how both social support and social burden influence this association. We included 4,530 

women from the Women's Health Initiative who were diagnosed with breast cancer between 1993 

and 2009, and provided data on social networks (spouse or intimate partner, religious ties, club 

ties, and number of first-degree relatives) before diagnosis. Of those, 354 died during follow-up, 

with 190 from breast cancer. We used Cox proportional hazards regression to evaluate associations 

of social network members with risk of post-diagnosis mortality, further evaluating associations by 

social support and social burden (caregiving, social strain). In multivariate-adjusted analyses, 
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among women with high but not low social support, being married was related to lower all-cause 

mortality. By contrast, among women with high but not low social burden, those with a higher 

number of first-degree relatives, including siblings, parents, and children, had higher all-cause and 

breast cancer mortality (among caregivers: 0–3 relatives (ref), 4–5 relatives, HR = 1.47 (95% CI: 

0.62–3.52), 6–9 relatives, HR = 2.08 (95% CI: 0.89–4.86), 10+ relatives, HR = 3.55 (95% CI: 

1.35–9.33), P-continuous = 0.02, P-interaction = 0.008). The association by social strain was 

similar though it was not modified by level of social support. Other social network members were 

unrelated to mortality. Social relationships may have both adverse and beneficial influences on 

breast cancer survival. Clarifying these depends on understanding the context of women's 

relationships.
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Introduction

Social networks are defined as the web of social relationships that surround an individual 

[1]. The most commonly examined aspect of social networks with regard to breast cancer 

survival has been social network size (i.e., the number of network members); previous 

studies have found that larger networks (i.e., greater social integration) are associated with 

better survival after breast cancer diagnosis [2–7]. In a Nurses' Health Study (NHS) of 2,835 

women with any stage breast cancer, Kroenke and colleagues found that socially isolated 

women were twice as likely to die of their breast cancer than socially integrated women [4]. 

In particular, greater numbers of living children, friends, and close relatives were each 

related to lower mortality.

Previous studies of social networks and breast cancer survival have often used the Berkman–

Syme social network index (B–SNI) which assesses numbers of friends and “close” relatives 

in addition to marital status, community participation, and religious participation and heavily 

weights friends and close relatives in the computation of the index [8]. However, this 

research has omitted study of the benefits that accrue to women who describe relationships 

as “close”, as well as the costs of social relationships on breast cancer prognosis.

Though large social networks may increase the odds that women will have friends and 

family to rely on for instrumental (e.g., rides to the hospital, trips to the pharmacy, assistance 

with exercise, or provision of healthy meals [9, 10]) and social-emotional support, they can 

also increase the likelihood of caregiving obligations to network members since women 

comprise up to three-quarters of informal caregivers [11, 12]. While potentially rewarding or 

beneficial [13], caregiving can be physically and emotionally demanding, and has been 

linked to lowered immune function [14], poorer mental health [15], lower cognitive function 

[16], higher coronary heart disease risk [17, 18], and higher mortality [19]. Caregiving 

responsibilities can lead to strained relationships between network members; large family 

networks may produce substantial demands. Although larger social networks can increase 

levels of social-emotional support, the emotionally sustaining quality of a relationship, 
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social networks can also produce relational strain or conflicts between members, increasing 

stress and causing biological effects [20] that jeopardize survival [21–23]. No one has 

examined whether social burden modifies the influence of social networks on breast cancer 

outcomes.

Therefore, we evaluated associations between social network members, i.e., the presence of 

a spouse or intimate partner, number of first degree relatives, club participation, and 

religious participation, with mortality outcomes, considering the modifying influence of 

both social support and social burden. We examined several social network members with 

outcomes, consistent with previous analyses though the Women's Health Initiative (WHI) 

cohort lacked specific information on numbers of friends. We focused particularly on 

relative networks based on the strength of previous findings of relatives with breast cancer 

mortality [4], because people often turn to family in need [24, 25], and because people rely 

more on relatives than friends for instrumental types of support [26]. We hypothesized that 

larger social networks, particularly relative networks, would be related to lower mortality in 

women with breast cancer in those with higher perceived social support, and that women 

with high levels of social burden would experience less benefit from network members. We 

considered associations in 4,530 postmenopausal women from the WHI with invasive breast 

cancer.

Methods

Study population

The design of the WHI has been previously described [27, 28]. In brief, the WHI 

observational study (OS) is a multiethnic cohort of 93,676 post-menopausal women, ages 

50–79, enrolled 1993–1998 at 40 geographically diverse clinical centers throughout the 

United States. Eligibility criteria included (1) ages 50–79, (2) postmenopausal status, (3) 

willingness to provide informed consent, and (4) at least a three-year life expectancy. The 

WHI clinical trials (CT) study includes 68,132 women with the same basic eligibility who 

agreed to participate in controlled clinical trials of diet or hormone therapy. Recruitment 

methods are detailed elsewhere [29].

At baseline, participants provided detailed information about demographics, psychosocial 

factors, medical history, and known or suspected risk factors for cancer through a self-

administered questionnaire. Medical history was updated annually in the OS and every six 

months in the CT, by mail and/or telephone questionnaires. Human Subjects Review 

Committees at each participating institution approved the protocol.

We included participants with data at baseline on social networks, social support, and social 

burden from both the OS and CT (<5% missing data for each social variable), without a 

history of breast cancer (3.6%) at baseline (N = 136,886). Those missing social data had less 

education (34 vs. 40% college graduates), lower social support (35.6 vs. 36.0 points), higher 

social strain (6.7 vs. 6.5 points), lower physical activity (11.9 vs. 12.5 METS), and higher 

BMI (28.4 vs. 27.9 kg/m2), and were less likely to have had a mammogram in the prior two 

years (80 vs. 84%) (all comparisons, P < 0.001). Prior to study end in 2009, 4,530 were 

diagnosed with invasive breast cancer. Study participants contributed 31,184 person-years 
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follow-up. Follow-up ranged from 0 to 14.4 years with a median follow-up of 6.9 years. Of 

these women, 354 died during follow-up, with 190 from breast cancer.

Data collection

Breast cancer ascertainment—Breast cancer cases were initially identified from annual 

self-report of medical history and then confirmed by medical record and pathology report 

review (available in 98.2% of participants) by physician adjudicators at local clinics. All 

cases were centrally adjudicated and characteristics coded (histology, extent of disease, 

receptor status) using the Surveillance, Epidemiology, and End Results (SEER) coding 

system [30]. Invasive breast cancers confirmed by central review were included as cases. 

Final adjudication and coding of histology, hormone receptor status (positive or negative), 

and HER2 status was based on pathology report review and performed at the WHI Clinical 

Coordinating Center using the SEER coding system [31].

Mortality—Attribution of cause of death was based on medical record review by physician 

adjudicators at the local clinical centers who were blinded to information about social 

networks, with central final adjudication [30]. The National Death Index was crosschecked 

with participants at 2–3-year intervals.

Social networks—Social network members included: a spouse/intimate partner, club ties, 

religious ties, and first-degree relatives. Women were asked, “Are you currently married or 

in an intimate relationship with at least one person?” Women were also asked, “How often 

have you gone to meetings of clubs, lodges, or parent groups in the last month?” and, “How 

often have you gone to a religious service or to church during the past month?” For these 

questions, response options included: (1) not at all in the past month, (2) once in the past 

month, (3) 2–3 times in the past month, (4) once a week, (5) 2–6 times a week, and (6) every 

day.

In addition, women were asked whether or not they had sons, daughters, sisters, and brothers 

and if yes, how many. Women were asked further whether their mother and father were still 

alive. Women reported 0–23 first-degree relatives with an average of 3 male (SD = 2) and 3 

(SD = 2) female relatives. We categorized this variable to enable comparison to previous 

analyses of relatives as part of the B–SNI [8] (see Table 1). Though social network members 

were similar to those included in the B–SNI, questions about relative networks did not ask 

about degree of closeness and information on friends was not collected. Therefore, we 

analyzed each network member separately and did not evaluate a composite measure.

Social support—Social support was assessed using nine items chosen from the Medical 

Outcomes Study (MOS) questionnaire [32]. Participants ranked on a 5-point scale how often 

specific types of support, including emotional support, affection, tangible support, and 

positive interaction, were available. The summary score ranged from 9 to 45 (mean = 36.1, 

SD = 7.6), with a higher score indicating more social support. Internal consistency for the 

score was high (standardized Cronbach's alpha = 0.93). No clinically meaningful categories 

exist for the MOS social support scale [33], so we categorized social support into quartiles 

based on the distribution of women in this study.

Kroenke et al. Page 4

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Social burden—Social burden included both caregiving responsibilities and social strain, 

as in previous WHI analysis [34]. Caregiving responsibilities were assessed by: “Are you 

now helping at least one sick, limited, or frail family member or friend on a regular basis?”

(yes/no) Social strain was evaluated with four items derived from a measure of the negative 

aspects of social relationships [35]. Women were asked, “Of the people who are important to 

you, how many,”: (1) “get on your nerves”, 2) “ask too much of you,” (3) “do not include 

you,” (4) “try to get you to do things you do not want to do”. Responses ranged from “none” 

(1) to “all” (5). Items were summed to yield a social strain score that ranged from 4 to 20, 

with higher scores indicating greater social strain. Internal consistency for the score was 

high (standardized Cronbach's alpha = 0.72). Social strain was also categorized into 

quartiles.

Covariates—Collection of data for breast cancer-related variables was previously 

described. Information on other covariates was self-reported at the time of the social 

assessment.

Initial analyses were adjusted for age, study arm (CT vs. OS), and time between social 

assessment and breast cancer diagnosis. Aside from age, we included in minimally-adjusted 

models those factors inherent to the study that may influence associations but were not 

population characteristics. Analyses were adjusted additionally for family history of breast 

cancer, mammogram within the past two years, disease severity (stage, tumor size, HER-2 

neu status, nodal status, estrogen receptor status), sociodemographic characteristics (race, 

income, education), reproductive variables (age at first birth), behavioral and related factors 

[body mass index (BMI), smoking, physical activity], and comorbidity (see Tables 1, 2, 3, 

4). We considered other covariates as presented in Table 1 but only included those in 

analysis that were significantly associated with the outcome (P < 0.10) in minimally-

adjusted analyses, or that influenced the magnitude of the association of interest by at least 

10%. Covariates included those considered a priori to be important potential confounders of 

the association between social networks and breast cancer mortality.

Statistical analyses

Using analysis of covariance, we regressed potential confounding variables against 

categories of relative network size, adjusted for continuous age (Table 1).

Analyses of social network members and mortality outcomes—We employed 

Cox proportional hazards models (SAS PROC PHREG; SAS Institute, Cary, NC, USA) for 

failure-time data to assess associations of categories of social network members, assessed at 

study onset, with time to event. Our primary aim was to evaluate associations stratified by 

levels of social support and burden. However, we analyzed and reported main effects in the 

text to facilitate comparison to previous papers. Therefore, we evaluated associations of 

social network members with time to breast cancer-specific mortality and all-cause mortality 

[36, 37]. Person-years of follow-up were counted from the date of diagnosis until the date of 

death or end of follow-up, whichever came first. We conducted tests for linear trend, 

computing Wald statistics. For all analyses, minimally-adjusted results were compared with 
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those adjusting for multiple covariates, as described above. We also conducted sensitivity 

analyses, eliminating those who died within the first year of analysis.

Stratified analyses—We evaluated effect modification by social support and strain, 

stratifying women by high and low levels of social support or strain using both a median 

split, to maximize power, and a split between the third and fourth quartiles, to capture 

associations among those with very high levels of support or strain, compared to those with 

lower levels. To assess the potential influence of social networks on mortality in the context 

of caregiving, we stratified by caregiving status (yes/no). When associations differed across 

strata, we used Wald tests to evaluate interaction terms of dichotomous stratification 

variables and either continuous or dichotomous variables, as indicated. Results for 

minimally-adjusted models were similar to those adjusted for multiple covariates as 

presented in Tables 2, 3, 4. Therefore, because of the complexity of the data, we have 

presented multivariate-adjusted associations only.

All statistical tests were two-sided; the criterion for statistical significance was P < 0.05.

Results

Women with larger relative networks had a greater likelihood of a live birth, an earlier age at 

first birth, and a larger number of children. They were more likely to be married, provide 

caregiving, and indicate religious participation, but less likely to participate in clubs. Those 

with larger relative networks were less likely to have a college education and had lower 

income. Whites were less likely than nonwhites to have large relative networks. Relative 

network size was related to behaviors consistent with a pattern of responsible caregiving, 

including lower alcohol intake and a greater likelihood of never smoking, but was otherwise 

related to a lower level of daily self-care exhibited by lower levels of physical activity and 

higher BMI. However, larger relative network size was related to a higher likelihood of 

having a mammogram within the past two years. Disease characteristics were largely 

unrelated to relative networks though women with fewer relatives had more hormone 

receptor positive tumors (Table 1).

Main effects analyses

Social support, social burden, and all-cause mortality—In analyses adjusted for 

age, study arm, and time between psychosocial assessment and diagnosis, social support 

(continuous variable, HR = 0.98, 95% CI: 0.97–1.00, P = 0.01), social strain (continuous 

variable, HR = 1.05, 95% CI: 1.01–1.10, P = 0.03), and caregiving (dichotomous variable, 

HR = 0.82, 95% CI: 0.65–1.02, P = 0.07) were each marginally associated with all-cause 

mortality. Results were qualitatively similar in multivariate-adjusted analyses (social 

support, HR = 0.99, 95% CI: 0.98–1.00, P = 0.09; social strain, HR = 1.04, 95% CI: 1.00–

1.09, P = 0.07, caregiving, HR = 0.84, 95% CI: 0.55–1.04, P = 0.10) though associations 

were nonsignificant. These variables were not associated with breast cancer-specific 

mortality (data not shown).

Social networks and mortality—In main effects analyses of social network members, 

being married was weakly related to lower all-cause mortality in minimally-adjusted models, 
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(HR = 0.82, 95% CI: 0.66–1.01, P = 0.06), but adjustment for income attenuated the 

association (data not shown). Neither religious nor club participation was related to 

outcomes in minimally- or in multivariate-adjusted analyses (data not shown). In minimally-

adjusted analyses, relative network size was inversely related to all-cause (P = 0.002) and 

breast cancer-specific mortality (P = 0.01) though adjustment for covariates, particularly 

sociodemographic factors, attenuated associations (data not shown). In sensitivity analysis, 

results were qualitatively similar (data not shown).

Stratified analyses

Social networks and mortality stratified by levels of social support—Social 

support did not modify associations between relative, club, and religious network members 

and mortality but it did modify the association between having a spouse/partner and 

mortality (Table 2). Specifically, split along median levels of support, being married was 

related to lower all-cause mortality among women reporting higher but not lower than 

median levels of social support. In contrast, being married was related to higher breast 

cancer mortality among women reporting lower but not higher than median levels of social 

support (Table 2). There were no apparent differences by levels of social support split at the 

third and fourth quartiles (data not shown).

Social networks and mortality stratified by levels of social burden—Caregiving 

responsibilities strongly modified the relationship between relative network size, though not 

other network members, and risk of mortality; the positive relationship between number of 

relatives and mortality appeared exclusively among caregivers (Table 3). The pattern of 

association, particularly for breast cancer-specific mortality, was positive and monotonic 

with higher categories of relatives.

Positive relationships between relative network size (but not other network members) and 

all-cause and breast cancer mortality outcomes were somewhat stronger among those with 

higher levels of social strain, when analyzed by median levels of social strain (data not 

shown), but this pattern was more evident in the highest quartile of social strain (Table 4). 

There were no other significant differences by social strain for mortality outcomes, 

regardless of approach to stratification. In sensitivity analyses, omitting those who died in 

the first year after baseline, results in stratified analyses were qualitatively similar (data not 

shown).

Discussion

Consistent with expectation, associations of social network members and mortality 

depended on levels of social support and burden. Being married predicted lower all-cause 

mortality among women reporting high, not low, social support. By contrast, greater relative 

network size was related to higher all-cause and breast cancer-specific mortality among 

those with high levels of social burden—those providing care to friends or relatives, or those 

experiencing high levels of social strain. Adjustment for sociodemographic and other 

covariates did not attenuate these findings. These findings suggest the need to assess the 

context of support and burden in women's social relationships to understand their influence 

on breast cancer survival.
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In general, researchers have found that larger network size predicts lower post-diagnosis 

mortality [2–6]. Kroenke reported striking findings showing that larger numbers of living 

children, close relatives, and friends were each related to lower breast cancer-specific 

mortality [4]. These findings described associations between “close” relatives and outcomes, 

although the WHI and NHS did ask similar questions about numbers of children.

Findings suggest that results depend on how social networks are measured and that feelings 

of “closeness” capture benefits inherent in relationships but that alternate approaches are 

needed to explore costs. No previous work addresses this specifically though previous 

findings point to the possibility that network members can create burdens for women post-

diagnosis [5]. Although a larger number of friends and relatives was related to earlier 

diagnosis and better survival in white women in the Black/White Cancer Survival study [5], 

women reporting less frequent contact with friends and relatives were conversely more 

likely to present with early stage disease (P-trend = 0.05) and had a commensurate lower 

risk of mortality, OR = 0.5 (0.2–1.2).

Supportive social network members can confer benefit, consistent with our findings 

regarding a supportive spouse. However, women with larger relative networks may also have 

greater obligations and stresses that impinge directly on health or preclude prioritizing daily 

self-care. In the WHI, a larger number of relatives was related, for example, to lower 

physical activity and higher BMI, two risk factors for poor breast cancer prognosis [38, 39]. 

Frequent contact with friends and relatives, in the context of strained relationships or 

caregiving, may have adverse consequences for health with important implications for 

longevity. Strained relationships may lead to earlier mortality [22, 23]. That a larger number 

of relatives was associated with higher mortality among those providing caregiving suggests 

that negative relationship dynamics within families may have adverse consequences for 

health. Further research is needed to understand the mechanisms of social networks on 

breast cancer survival.

Thus, the nature and quality of women's relationships matter to health. No one has 

previously examined this within the context of breast cancer; these findings are novel. These 

findings suggest a great need for understanding how social burden influences the impact of 

social relationships on women's health. Future research should consider this question in 

larger groups of women of different ethnicities and socioeconomic status.

A study strength was the ability to adjust for variables related to breast cancer mortality 

including stage, tumor size, nodal status, grade, hormone receptor status, and HER2 status. 

A second strength was its size, with over 4,500 women. Another strength was the ability to 

adjust carefully for lifestyle, demographic, and socioeconomic variables.

One important limitation was the lack of data on friendship networks; we were unable to 

draw conclusions regarding their influence. These findings likely underestimate the benefits 

of social networks on breast cancer survival though missing data may also lead to an 

underestimate of the costs since women missing any social data reported higher social strain 

and lower social support. Despite a large sample size, we had limited power to assess 

associations of modest size. Related to this was the inability to fully examine associations 
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for each type of relative. Nevertheless, a post hoc analysis revealed that the positive 

association of relative network size and mortality was driven primarily by a positive 

association between numbers of siblings and mortality, particularly among women with high 

social burden (data not shown). Future research should consider the impact of specific types 

of relationships.

Another limitation was the inability to adjust for breast cancer treatment. However, disease 

severity influences treatment course and adjustment for treatment has not substantially 

influenced associations over and above careful adjustment for disease severity in other 

studies [4, 40]. We cannot rule out that this may affect findings; women with few relatives 

were more likely to have ER-positive cancer, which has better prognosis than ER-negative 

cancer. However, adjustment for breast cancer treatment as a confounding variable may be 

inappropriate since treatment is unlikely to influence social network size. It may be more 

useful to determine how network members influence treatment decisions.

A final limitation was that social measures were not updated in these analyses nor was there 

assessment of social history before study enrollment. Numbers of relatives were assessed at 

baseline only and follow-up measures of social support and burden were inconsistent across 

the OS and CT cohorts. Though social network size appears consistent over time [4], levels 

of support and strain may change over time. The assessment of social networks at one time 

may capture the cumulative, biological impact of social relationships over time inaccurately. 

However, the evaluation of the impact of social networks on mortality after breast cancer 

reflecting potential costs, not just benefits, is unique in the breast cancer literature.

To summarize, the presence of a supportive spouse predicted lower mortality but larger 

relative networks predicted adverse outcomes among those with high levels of social burden. 

Given the rising costs of health care and the aging of the population, there is a growing need 

to understand how social relationships influence disease progression.
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