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Abstract Larger social networks have been associated with

lower breast cancer mortality. The authors evaluated how

levels of social support and burden influenced this associa-

tion. We included 2,264 women from the Life After Cancer

Epidemiology study who were diagnosed with early-stage,

invasive breast cancer between 1997 and 2000, and provided

data on social networks (spouse or intimate partner, religious/

social ties, volunteering, time socializing with friends, and

number of first-degree female relatives), social support, and

caregiving. 401 died during a median follow-up of 10.8 years

follow-up with 215 from breast cancer. We used delayed

entry Cox proportional hazards regression to evaluate asso-

ciations. In multivariate-adjusted analyses, social isolation

was unrelated to recurrence or breast cancer-specific mor-

tality. However, socially isolated women had higher all-cause

mortality (HR = 1.34, 95 % CI: 1.03–1.73) and mortality

from other causes (HR = 1.79, 95 % CI: 1.19–2.68). Levels

of social support and burden modified associations. Among

those with low, but not high, levels of social support from

friends and family, lack of religious/social participation

(HR = 1.58, 95 % CI: 1.07–2.36, p = 0.02, p interac-

tion = 0.01) and lack of volunteering (HR = 1.78, 95 % CI:

1.15–2.77, p = 0.01, p interaction = 0.01) predicted higher

all-cause mortality. In cross-classification analyses, only

women with both small networks and low levels of support

(HR = 1.61, 95 % CI: 1.10–2.38) had a significantly higher

risk of mortality than women with large networks and high

levels of support; women with small networks and high levels

of support had no higher risk of mortality (HR = 1.13, 95 %

CI: 0.74–1.72). Social networks were also more important for

caregivers versus noncaregivers. Larger social networks

predicted better prognosis after breast cancer, but associa-

tions depended on the quality and burden of family

relationships.
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Introduction

Social networks are defined as the web of social relation-

ships that surround an individual [1]. The most commonly

examined characteristic in the epidemiologic literature on

social networks and breast cancer survival is the social

network size, i.e., the number of network members. Pre-

vious studies have found that greater social network size

measured close in time or prior to diagnosis is associated

with better survival after a breast cancer diagnosis [2–6]. In

the Nurses’ Health Study (NHS) of 2,835 postmenopausal

women with any stage breast cancer, Kroenke et al. [4]

found that socially isolated women, i.e., those with small

networks, were twice as likely to die of their breast cancer

than socially integrated women. However, in the Women’s

Health Initiative, Kroenke et al. [7] found that associations

between social networks and breast cancer outcomes

depended on levels of social support and burden in
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relationships. Counter to expectation, larger social net-

works, particularly larger networks of first-degree relatives,

were related to higher levels of mortality among women

with low levels of support, high levels of relationship

strain, or caregiving responsibilities [7].

Thus, the impact of social networks on breast cancer

mortality may depend on the quality of relationships within

naturally occurring networks because social support inter-

ventions have not improved survival [8–12]. While results

from the WHI are intriguing, the investigators were unable

to adjust for breast cancer treatment potentially compro-

mising validity of findings. Their findings need replication

in a cohort of survivors with complete treatment data.

We hypothesized that larger social network size would

be related to lower mortality in women with breast cancer,

consistent with previous work. However, consistent with

results reported in the WHI, we hypothesized that associ-

ations would differ by levels of support and social burden

in relationships. We examined associations in 2,264

women with early-stage, invasive breast cancer from the

Life After Cancer Epidemiology (LACE) Study.

Methods

Study population

The LACE Study cohort consisted of 2,264 women diag-

nosed with invasive breast cancer between 1997 and 2000,

who were recruited primarily from the Kaiser Permanente

Northern California (KPNC) Cancer Registry (83 %) and

the Utah Cancer Registry (12 %) between 2000 and 2002.

Further details are provided elsewhere [13]. In brief, eli-

gibility criteria included: (1) ages between 18 and 70 years

at enrollment; (2) diagnosis of early-stage primary breast

cancer (stage I C1 cm, II, or IIIA); (3) enrollment between

11 and 39 months post-diagnosis; (4) completion of breast

cancer treatment (except adjuvant hormonal therapy); (5)

freedom from recurrence; and (6) no history of other can-

cers within 5 years prior to enrollment. Of the 2,264

women, 383 had a recurrence and 401 died of any cause,

with 215 (51.8 %) from breast cancer. The study was

approved by the institutional review boards of KPNC and

the University of Utah.

Data collection

Breast cancer ascertainment

Information on clinical factors was obtained through

electronic data sources available from KPNC or from

medical chart review for the nonKPNC participants. Data

included tumor size, number of positive lymph nodes,

hormone receptor status, and treatment (i.e., chemotherapy,

radiation therapy, and hormonal therapy). Tumor stage was

calculated according to criteria of the American Joint

Committee on Cancer (AJCC) (4th edition).

Recurrences were ascertained by a mailed semi-annual

or annual (after April 2005) health status questionnaire

asking participants to report any events occurring in the

preceding 6 or 12 months, respectively. Recurrences

included a locoregional cancer recurrence, distant recur-

rence/metastasis, or development of a contralateral breast

primary. Nonrespondents were called by telephone to

complete questionnaires. Medical records were reviewed to

verify reported outcomes.

Mortality

Participant deaths were determined through KPNC elec-

tronic data sources, a family member responding to a

mailed questionnaire, or a phone call to the family. Copies

of death certificates were obtained to verify primary and

underlying causes of death (International Classification of

Diseases, 9th revision). All-cause mortality included death

from any cause. Breast cancer-specific death included

death attributable to breast cancer as a primary or under-

lying cause on the death certificate. Death from causes

other than breast cancer included all other deaths. A phy-

sician reviewer was consulted when the cause of death was

unclear.

Social networks

Social networks included five components: a spouse or

intimate partner, number of first-degree female relatives

(living mother, number of biological daughters, number of

full sisters), friendship ties, religious/social ties, and com-

munity ties.

Women were asked, ‘‘What is your current marital sta-

tus? (married, divorced, living as married, separated, wid-

owed, or never married).’’ Women were asked further

whether their mother was still alive. In addition, women

were asked whether or not they had biological daughters or

full sisters, and if yes, how many. Women reported 0–11

first-degree relatives (median = 3, SD = 1.9).

Questions regarding community, friendship, and reli-

gious/social ties were derived from the Arizona Activity

Frequency Questionnaire [14]. Though this questionnaire is

intended to measure the extent of physical activity, it does

so by querying time spent in a variety of activities

including social participation. As a measure of community

ties, women were asked, ‘‘Did you do weekly volunteer

work in the past year? (yes, no)’’ As a measure of friend-

ship ties, women were asked, ‘‘On average, how often in

the past year did you socialize, visit with friends, or talk on
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the phone?’’ As a measure of religious/social participation,

women were asked, ‘‘On average, how often in the past

year did you attend religious, social or service club meet-

ings, sporting events, concerts, movies or shows?’’

Response options to the latter two questions included: (1)

never or less than 1 time per month, (2) 1–3 times per

month, (3) 1–2 times per week, (4) 3–5 times per week, and

(5) more than 5 times per week. Women were further

asked, ‘‘Each time you did this activity, how much time did

you usually spend doing it?’’ Responses included: (1) less

than 15 min, (2) 15–30 min, (3) 31–60 min, and (4)

61–90 min. Hours per week spent in these activities was

derived by multiplying frequency times duration, based on

the mean values of categories.

The Berkman-Syme Social Network Index (B-SNI) [15]

is frequently used to measure social networks in epidemi-

ologic studies though other measures are also used [16].

The B-SNI is computed based on the number and extent of

contact with close friends, children, and other relatives; the

presence of a spouse or intimate partner; religious partici-

pation; and community participation. It heavily weights the

number of close friends and relatives in the computation of

the index compared with religious and community com-

ponents and also includes extent of contact in the compu-

tation of network size. However, no measure of social

networks has been specifically developed in a cohort of

breast cancer survivors. Given a lack of theoretical ratio-

nale and lack of information on numbers of close friends

and relatives, we assigned approximately equal weighting

to components, allowing slightly greater weighting to

variables in which variability existed. Thus, women were

assigned 0 or 1 points depending on whether or not they

were married or engaged in volunteer work. We assigned

women 0, 1, or 2 points for no, small, and large numbers of

female relatives or little, some, and high levels of partici-

pation in religious/social activities or socializing with

friends. We thus generated an overall measure of social

networks by summing points based on numbers of and/or

levels of involvement with network members. We then

divided the women into tertiles and generated three cate-

gories of women: socially isolated, moderately integrated,

and socially integrated. This social networks variable has

not been validated against the B-SNI, but results from a

similarly developed measure were previously published

[7]. Because ‘‘closeness’’ was not written into questions

and thus not presumed in relationships, we were able to

examine associations modified by levels of social support.

Social support

Social support was assessed using six items from the social

and family well-being scale from the Functional Assess-

ment of Cancer Therapy-Breast (FACT-B) [17]. Items

included: ‘‘I get emotional support from my family;’’ ‘‘I get

support from my friends and neighbors;’’ ‘‘My family has

accepted my illness;’’ ‘‘Family communication about my

illness is poor;’’ ‘‘I feel close to my partner (or the person

who is my main support);’’ and ‘‘I feel distant from my

friends.’’ Participants ranked on a 5-point scale how true

each statement was for them during the past 7 days (not at

all, a little, somewhat, quite a bit, very much). The ques-

tions regarding distance from friends and family commu-

nication were reverse scored and responses summed. The

summary score ranged from 0 to 24, with a higher score

indicating higher levels of support. We divided women by

high and low levels of support based on the total support,

based on the median = 22 score.

Social burden

We asked women whether they were providing caregiving

to an infant, a child, or an elderly adult or disabled person.

The 34 % of women who indicated providing care to any

of these persons were classified as caregivers.

Other covariates

Information on other covariates was self-reported at

baseline. Data on race, education, smoking, reproductive

factors, lifestyle factors, and BMI were obtained from the

mailed baseline questionnaire.

Statistical analyses

Using analysis of covariance, we regressed potential con-

founding variables against categories of social network

size, adjusted for continuous age (Table 1).

Imputation of missing items

Of the total sample, 1,727 women (76.3 %) had complete

information on social networks at baseline. Most previous

analyses of social networks and health-related outcomes

have employed complete case analysis, but elimination of

this large fraction (23.7 %) of the sample substantially

reduced study efficiency. In addition, complete case anal-

ysis has been shown to be substantially biased [18].

Therefore, we retained participants with missing data,

imputing mean values for each network measure with

missing data, in the generation of an overall social net-

works measure. All but seven women reported marital

status suggesting general completion of questionnaires. Of

the full sample, 15 % were missing more than one social

network item with 12 % were missing three items mea-

sured by the physical activity questionnaire suggesting the

possibility that women did not complete the questionnaire.
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Table 1 Selected baseline

characteristics by category of

social network size, in the Life

After Cancer Epidemiology

(LACE) cohort (N = 2,264)

Except for age, all variables

age-adjusted
a Means were imputed when

data on a social network were

missing. Ranges of values were

0–4 for socially isolated women,

4.1-\5.5 for moderately

integrated women, and 5.5–8.0

for socially integrated women.

This distribution reflects

approximate tertiles

* p Value, Mantel–Haenszel

Chi-square test

Social network size

Sociallya

isolated

Moderately

integrated

Socially

integrated

p Trenda

N 797 706 761

Person-years 8,117 7,123 7,897

Family history of breast cancer (%) 20.6 19.9 21.2 0.84

Breast cancer-specific mortality (%) 10.6 8.4 9.4 0.34

Non breast cancer mortality (%) 10.2 9.1 5.3 \0.001

Demographic variables

Age (mean years) 58.9 58.0 57.8 0.10

Ethnicity (%)

Caucasian 79.1 78.6 82.4 0.12*

African-American 4.1 5.7 5.1

Asian 6.4 6.7 5.7

Hispanic/Latino 7.0 6.4 3.7

Other 3.4 2.6 3.2

Education C college (%) 33.4 35.2 36.9 0.36

Severity of disease

Stage

I (%) 47.4 45.8 46.3 0.97*

II (%) 49.3 51.1 50.8

IIIA (%) 3.3 3.1 2.9

Nodal involvement (%) 36.2 36.1 38.0 0.69

Tumor size (cm) 2.1 2.1 2.1 0.78

ER positive tumor (%) 81.6 83.1 80.2 0.36

HER-2-neu receptor? (%) 14.7 16.0 12.4 0.14

Treatment

Chemotherapy (%) 54.6 55.2 61.9 0.002

Radiation (%) 63.7 63.7 61.5 0.57

Tamoxifen (%) 60.5 61.7 63.0 0.59

Behavioral factors

Body mass index (kg/m2) 27.4 27.4 27.7 0.50

Physical activity (METhr/week) 45.4 51.3 59.5 \0.001

Never smokers (%) 47.5 50.9 60.0 \0.001

Alcohol (svg/week) 3.1 2.7 2.1 0.02

Reproductive factors

Age at menarche \12 years (%) 12.6 12.6 12.6 0.88

Age at first birth [30 years (%) 24.3 24.7 24.2 0.29

Parity [any pregnancies C5 months

(%)]

76.6 83.9 91.8 \0.001

Postmenopausal (%) 74.5 72.5 74.2 0.40

Social variables

High levels of support (%) 46.2 49.3 55.6 \0.001

Living mother (%) 32.8 38.3 43.9 \0.001

Other first-degree female relatives

(mean)

1.8 2.4 3.2 \0.001

Married (%) 51.3 66.2 87.9 \0.001

Hours/week socializing with friends 1.8 2.7 3.5 \0.001

Religious, social, and cultural

participation (%)

41.9 83.9 99.4 \0.001

Volunteering (%) 5.5 16.5 44.8 \0.001
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However, when examined, other items in the questionnaire

unrelated to social participation were completed suggesting

that missing data meant the participant omitted completing

personally irrelevant questions. Nevertheless, we imputed

data in three ways. 1) We conducted analyses assuming

that missing data meant the absence of the social network

member. We also employed 2) mean imputation, assigning

the sample mean for the specific social network item when

data were missing for that item, and then 3) multiple

imputation (SAS PROC MI) for missing social network

items. In analyses of separate individual network members,

we did not impute data and sample size varied by analysis.

Analyses of social networks and outcomes

We employed delayed entry Cox proportional hazards

models (SAS PROC PHREG; SAS Institute, Cary, NC) for

failure-time data to assess associations of approximate

tertiles of social networks, assessed at study onset, with

time to event. We evaluated associations of social networks

with time to recurrence, breast cancer death, death from

causes other than breast cancer, and all-cause mortality [19,

20]. Person-years of follow-up were counted from the date

of study entry until the date of death or end of follow-up,

whichever came first. We conducted tests for linear trend

or continuous variables, as indicated, computing Wald

statistics.

Minimally adjusted results were compared with those

adjusted for multiple covariates. Initial analyses were

adjusted for age and time between social assessment and

breast cancer diagnosis. Analyses were adjusted addition-

ally for factors considered a priori to be important potential

confounding variables of the relationship between social

network size and breast cancer outcomes including: disease

severity (stage, tumor size, grade, nodal status, estrogen-

receptor status, and HER-2 status), treatment (radiation,

chemotherapy, tamoxifen), education, ethnicity, reproduc-

tive variables (age at menarche, age at first birth, parity,

menopausal status), and behavioral and related factors

(body mass index (BMI), physical activity, alcohol intake,

smoking status) (see Tables 1, 2, 3).

Stratified analyses

We employed Kaplan–Meier curves to evaluate survival

for categories of the cross-classification of large, medium,

and small social networks and high and low levels of social

support, using the Log rank test to evaluate significance.

We conducted stratified analyses for analyses of social

networks and all-cause mortality by high and low levels of

social support as well as by caregiving status. When

associations differed across strata, we used Wald tests to

evaluate interaction terms of dichotomous stratification

variables and the continuous social network variable.

Results

Study participants contributed 23,137 person-years follow-

up. Follow-up ranged from 1.3 to 13.9 years with a median

of 10.8 years.

Women with larger social networks had higher levels of

physical activity, lower alcohol intake, and were more likely

to be never smokers. They were more likely to be married,

have children, to participate in religious/social activities, to

volunteer, and to have a larger number of female relatives.

Disease characteristics were unrelated to social network size

though women with larger networks were more likely to

receive chemotherapy. Other reproductive factors were

unrelated to social network size (Table 1).

Social networks and mortality after breast cancer

In minimally adjusted analyses, larger social networks

were unrelated to risk of recurrence or breast cancer mor-

tality, but were associated with lower mortality from other

causes and all-cause mortality. This was true whether we

used mean imputation (Table 2), multiple imputation (data

not shown), or assumed that nonresponse meant the par-

ticipant did not have a particular social network member

(data not shown). Adjustment for covariates attenuated

associations somewhat but associations remained signifi-

cant, regardless of method of imputation as shown in

Table 2.

Stratified analyses

Using Kaplan–Meier curves (using mean imputation),

women with small social networks and low levels of social

support had the highest risk of all-cause mortality over

follow-up (Fig. 1). In cross-classified analyses of support

and network size, only women with both small social

networks and low levels of support (HR = 1.61, 95 % CI:

1.10–2.38), and not other women characterized by level of

social network size and support (medium networks/low

support, HR = 1.11, 95 % CI: 0.73–1.69; large networks/

low support, HR = 0.97, 95 % CI: 0.63–1.49; small net-

works/high support, HR = 1.13, 95 % CI: 0.74–1.72;

medium networks/high support, HR = 1.11, 95 % CI:

0.73–1.70), had an elevated risk of all-cause mortality,

compared to women with both large networks and high

social support. Other methods of imputation provided

similar results (data not shown).

Similarly, in stratified analyses (mean imputation),

among those with low social support, those who were
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Table 2 Hazard ratio of breast cancer event by category of social network size in the LACE cohort (N = 2,264)

Social network size

Socially isolated Moderately integrated Socially integrated p Value*

Na 797 706 761

Person-years 8,117 7,123 7,897

Recurrence 148 111 124

Age-adjustedb 1.16 1.00 1.00 0.21

95 % CI (0.91–1.47) (0.77–1.29)

MV-adjusted model 1c 1.09 0.94 1.00 0.55

95 % CI (0.85–1.41) (0.72–1.22)

MV-adjusted model 2 1.08 0.95 1.00 0.66

95 % CI (0.84–1.40) (0.71–1.27)

MV-adjusted model 3 1.03 1.08 1.00 0.36

95 % CI (0.73–1.42) (0.83–1.41)

Breast cancer mortality 85 59 71

Age-adjusted 1.15 0.91 1.00 0.24

95 % CI (0.84–1.57) (0.64–1.29)

MV-adjusted model 1 1.08 0.83 1.00 0.61

95 % CI (0.77–1.52) (0.53–1.18)

MV-adjusted model 2 1.12 0.91 1.00 0.66

95 % CI (0.79–1.60) (0.61–1.36)

MV-adjusted model 3 1.16 1.04 1.00 0.50

95 % CI (0.76–1.77) (0.72–1.49)

All-cause mortality 170 122 109

Age-adjusted 1.48 1.23 1.00 \0.001

95 % CI (1.16–1.88) (0.95–1.59)

MV-adjusted model 1 1.34 1.08 1.00 0.008

95 % CI (1.03–1.73) (0.83–1.41)

MV-adjusted model 2 1.34 1.11 1.00 0.02

95 % CI (1.03–1.75) (0.62–1.51)

MV-adjusted model 3 1.50 1.13 1.00 0.004

95 % CI (1.11–2.03) (0.86–1.49)

Mortality from other causes 85 63 38

Age-adjusted 2.07 1.77 1.00 \0.001

95 % CI (1.41–3.03) (1.18–2.65)

MV-adjusted model 1 1.79 1.45 1.00 \0.001

95 % CI (1.19–2.68) (0.95–2.21)

MV-adjusted model 2 1.68 1.36 1.00 0.005

95 % CI (1.09–22.58) (0.87–2.14)

MV-adjusted model 3 1.97 1.23 1.00 \0.001

95 % CI (1.25–3.10) (0.80–1.89)

a N based on values derived with mean imputation
b Age-adjusted model adjusted for age (continuous) and time between diagnosis and assessment of social networks. Age-adjusted model employed mean

imputation. Multivariate (MV)-adjusted model 1 employed mean imputation. MV-adjusted model 2 employed multiple imputation. MV-adjusted model 3 employed

the assumption of meaningful nonresponse, that nonresponse signified the participant did not have a social network member. For mean and multiple imputation,

ranges of values were 0–4 for socially isolated women, 4.1–\5.5 for moderately integrated women, and 5.5–8.0 for socially integrated women. For the assumption

of meaningful nonresponse, the ranges were 0–\4, 4–\6, and 6–8. These distributions reflect approximate tertiles
c Multivariate-adjusted models adjusted for age at diagnosis, time between diagnosis and assessment of social networks, race (white, nonwhite[ref]), education

(\college graduate [ref], college graduate), any family history of breast cancer (no history [ref], yes), cancer stage at diagnosis (1 [ref], 2, 3), tumor size

(continuous), HER-2 neu status (positive, negative[ref]), nodal status (no involvement [ref], any involvement), estrogen-receptor status (positive, negative [ref]),

chemotherapy (yes, no [ref]), radiation (yes, no [ref]), tamoxifen (never, past, current [ref]), age at menarche (continuous), age at first birth (never had pregnancy

lasting at least 5 months,\20 [ref], 20–29, 30–39, C40 years [ref]), parity (0, 1, 2, 3, 4? [ref] pregnancies C5 months), menopausal status (pre[ref], post), smoking

status (never [ref], past, current), body mass index (\25 [reference] 25–29, 30? kg/m2), physical activity (quartiles, quartile 1 [ref]), and alcohol intake (0 [ref],[0

svg/week)

* p value, continuous variable
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socially isolated had a significantly higher risk of all-cause

mortality. The association was not observed among those

with high social support though the interaction by level of

support was nonsignificant (Table 3). Among women with

low, but not high, levels of social support from friends,

family, or a spouse, those who did not engage in volun-

teering or participate in religious activities had higher

mortality than those who had community or religious ties.

We did not observe differences in other network members

(Table 3).

Table 3 Relative risk of all-cause mortality by social network component and by level of social support among 2,264 participants diagnosed

with breast cancer from the LACE cohort, 1997–2000

N All-cause mortality Low support 95 % CI All-cause mortality High support 95 % CI

Social network sizea

Socially integrated 761 48 1.00 61 1.00

Moderately integrated 706 64 1.11 (0.75–1.63) 58 1.00 (0.68–1.47)

Socially isolated 797 105 1.51 (1.05–2.18) 65 1.08 (0.73–1.59)

p value* 0.006 0.71

p Interaction 0.41

Married

Yes 1533 117 1.00 112 1.00

No 724 100 1.08 (0.81–1.45) 72 1.32 (0.95–1.85)

p Value 0.59 0.10

p Interaction 0.07

First-degree female relatives

3 or more 1051 98 1.00 77 1.00

1–2 844 76 1.20 (0.69–2.11) 74 1.47 (0.61–3.53)

0 158 18 1.14 (0.66–1.97) 12 1.06 (0.74–1.51)

p value 0.43 0.55

p Interaction 0.41

Any volunteering

Yes 420 24 1.00 38 1.00

No 1515 156 1.78 (1.15–2.77) 118 0.89 (0.60–1.32)

p Value 0.01 0.57

p Interaction 0.01

Religious, social, cultural participation

C1 h/week 749 48 1.00 61 1.00

Up to 1 h/week 648 60 1.33 (0.90–1.97) 53 0.95 (0.64–1.40)

Not at all 522 70 1.58 (1.07–2.36) 38 0.90 (0.58–1.39)

p value 0.08 0.68

p Interaction 0.04

Socializing with friends

C2 h/week 985 83 1.00 85 1.00

0.5–\2 h/week 744 66 1.08 (0.78–1.51) 62 1.26 (0.90–1.77)

0–\0.5 h/week 197 28 1.82 (1.14–2.91) 9 0.81 (0.40–1.64)

p Value 0.82 0.39

p Interaction 0.26

Values in bold are significant at a level of p B 0.05
a Models adjusted for age at diagnosis, time between diagnosis and assessment of social networks, race (white, nonwhite[ref]), education

(\college graduate [ref], college graduate), any family history of breast cancer (no history [ref], yes), cancer stage at diagnosis (1 [ref], 2, 3),

tumor size (continuous), HER-2 neu status (positive, negative[ref]), nodal status (no involvement [ref], any involvement), estrogen-receptor

status (positive, negative [ref]), chemotherapy (yes, no [ref]), radiation (yes, no [ref]), tamoxifen (never, past, current [ref]), age at menarche

(continuous), age at first birth (never had pregnancy lasting at least 5 months,\20 [ref], 20–29,30–39, C40 years [ref]), parity (0, 1, 2, 3, 4? [ref]

pregnancies C5 months), menopausal status (pre[ref], post), smoking status (never [ref], past, current), body mass index (\25 [reference] 25–29,

30? kg/m2), physical activity (quartiles, quartile 1 [ref]), and alcohol intake (0 [ref], [0 svg/week)

* p value, continuous variable
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Caregiver status appeared to modify the association

between social network size and all-cause mortality. Among

caregivers, those who were socially isolated (HR = 2.30,

95 % CI: 1.23–4.29) or moderately integrated (HR = 1.47,

95 % CI: 0.90–2.41) had a higher risk of mortality, compared

to those who were socially integrated (p continuous = 0.01);

this relationship was weaker in noncaregivers. More spe-

cifically, caregivers who were not married or in an intimate

relationship had a higher risk of mortality (HR = 1.82, 95 %

CI: 1.16–2.84, p = 0.009) compared with those who were in

such relationships, though this was not true in noncaregivers

(HR = 1.08, 95 % CI: 0.81–1.43, p = 0.62). In addition,

caregivers indicating no volunteering work at baseline had a

higher risk of mortality (HR = 1.90, 95 % CI: 1.09–3.32,

p = 0.02), whereas this relationship was not seen in non-

caregivers (HR = 1.03, 95 % CI: 0.73–1.45, p = 0.88).

Among noncaregivers (HR = 1.58, 95 % CI: 1.02–2.47) but

not caregivers (HR = 0.64, 95 % CI: 0.24–1.72, p = 0.38),

the lowest tertile of time spent socializing versus the highest

tertile predicted higher mortality. This interaction was bor-

derline significant (p interaction = 0.06) though all other

interaction terms were nonsignificant (data not shown).

Discussion

Consistent with expectation, larger social networks were

related to longer survival after breast cancer diagnosis.

However, associations depended entirely on levels of social

support and burden within relationships. Our observation

that women with small social networks and low levels of

social support had higher mortality, but that women with

small networks and high levels of social support did not

have a significantly higher risk of mortality compared with

those with large networks and high support suggests that

relationship quality, and not just network size, matters to

survival.

Researchers have generally found that larger network

size is predictive of lower post-diagnosis mortality [2–6].

Similar to Beasley and Newcomb [2], we found that

smaller social networks were related to higher all-cause

mortality but not to breast cancer-specific mortality. In

both studies, social network measures were assessed

*2 years after diagnosis, when the most advanced cases of

breast cancer may have already died. In long-term breast

cancer survivors, social networks may still be important for

non-breast-cancer-specific outcomes, most notably cardio-

vascular disease. Since breast cancer treatments can be

cardiotoxic, it is possible that social relationships may help

protect against adverse cardiovascular effects, through

oxytocin-mediated reductions in cardiovascular reactivity

[21, 22], reductions in inflammation [23–26] effects on

endothelial function [27], the cardiovascular benefits of

buffering of stress [28], and increased physical activity

related to social participation.

Though naturally occurring social networks may serve

to prolong life after a breast cancer diagnosis, research has

not yet illuminated what aspects of social networks are

Fig. 1 Kaplan–Meier curves of

the cross-classification of large,

medium, and small social

networks and low and high

levels of social support from a

spouse/partner, family, friends,

and neighbors. Women with

small social networks and low

levels of social support had a

significantly elevated risk of all-

cause mortality over follow-up

(HR = 1.61, 95 % CI:

1.10–2.38), compared with

women with large networks and

high levels of support

(reference), but no other groups

exhibited an elevated risk

compared with the reference

group
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most important. These and other recent findings [7] suggest

that the importance of specific network members depends

on family dynamics and the context of women’s respon-

sibilities. Networks in aging populations may center around

family and may be less likely to include social ties outside

the family [29, 30] even as ties with families decline [31].

However, women in LACE with low levels of family

support appeared to gain health advantages from develop-

ing community and religious ties. Though interventions

designed to improve family relationship quality could

impact breast cancer outcomes, women whose family

relationships are of poor quality may also benefit from

extrafamilial relationships. Poor quality family relation-

ships may be related to poorer health outcomes [32, 33],

and religious and community participation has generally

been related to better health outcomes [34] and lower

mortality [35–37].

Though large social networks may increase the odds that

women 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 [38, 39]) and

social-emotional support, they can also increase the likeli-

hood of caregiving obligations [40, 41] to network members

and associated adverse health outcomes [42–46]. Though

larger relative networks were related to higher mortality

among caregivers in the WHI [7], a greater number of net-

work members in the LACE cohort appeared to buffer the

stress of caregiving responsibilities, either by providing

emotional support or taking on responsibilities that relieved

the caregivers of some of their burden [47–50]. Unfortu-

nately, we did not have information on subjective feelings

regarding caregiving, so it is unclear whether caregiving

responsibilities were or were not stressful.

A study strength was the ability to adjust for variables

related to breast cancer severity including stage, tumor

size, nodal status, hormone receptor status, and HER2

status as well as breast cancer treatment particularly since

social networks were measured after treatment was com-

plete. Though social network size may not change sub-

stantially over time and network members may influence

treatment decisions, the ability to adjust for treatment

helped overcome concerns that some aspect of treatment

might be related to both social withdrawal and higher

mortality risk. A second strength was the ability to adjust

carefully for reproductive history and lifestyle, demo-

graphic, and socioeconomic variables.

Missing data complicated interpretation of findings.

Poor health, complexity of social network measures, or

decisions to omit personally nonrelevant questions, all

which may be related to levels of social isolation, may lead

to omissions in completing social network survey items

[51] and thus to substantial bias [52, 53] if women are

omitted from analyses. This is consistent with the

nonsignificant result we obtained when we conducted

complete case analysis (data not shown), since data did not

appear to be missing completely at random. The use of

imputed data can also be problematic. However, associa-

tions were fairly consistent across analytic approaches

presented providing some assurance about the validity of

findings. Moreover, these results were consistent with the

unimputed associations for specific network members and

outcomes. Additional methodological work is needed to

evaluate the impact of missing data in analyses of psy-

chosocial factors; future studies of social networks should

avoid conducting complete case analysis only.

One limitation potentially compromising the ability to

interpret studies of social network size and breast cancer

outcomes generally is that social networks may proxy other

variables such as personality factors that lead to both

smaller social networks and influence breast cancer out-

comes. We considered that depressive symptoms could

influence both network size and outcomes, but adjustment

for this variable had little effect on associations (data not

shown). Future research should also consider the modify-

ing influence of lifecourse timing. Other limitations include

lack of information on numbers of friends and inability to

ascertain mechanisms. In addition, findings may not gen-

eralize to women of lower socioeconomic status who were

not well represented in this population.

To summarize, larger social networks were related to a

lower mortality risk in this cohort of early-stage breast

cancer survivors. Moreover, levels of social-emotional

support within the family strongly influenced the relative

importance of specific network members in prolonging

survival. 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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