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Abstract

This meta-analysis integrates results of 87 studies on the associations of perceived social support,
network size, and marital status with cancer survival. In controlled studies, having high levels of
perceived social support, larger social network, and being married were associated with decreases
in relative risk for mortality of 25%, 20%, and 12%, respectively. Moderator analyses revealed
that never married patients had higher mortality rates than widowed and divorced/separated
patients. Associations of social network with mortality were stronger in younger patients, and
associations of marital status with mortality were stronger in studies with shorter time intervals,
and in early-stage cancer. Relationships varied by cancer site, with stronger associations of social
support observed in studies of patients with leukemia and lymphomas and stronger associations of
network size observed in studies of breast cancer. Further randomized intervention studies are
needed to test causal hypotheses about the role of social support and social network for cancer
mortality.
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1. Introduction

Profound scientific and public interest exists in whether social factors and psychosocial
interventions could change the course of cancer. To provide a broader perspective on the
treatment literature [1], it is crucial to examine some of its many assumptions, one of which
is the subject of this meta-analysis: there is a relationship between social network and
mortality of cancer patients in naturalistic (non-intervention) contexts. If such a relationship
exists, then carefully targeted social interventions could be recommended for promoting
cancer survival. Specifically, one would expect that patients with lower levels of social
integration at baseline are most likely to gain from these interventions. However, if no such
relationship exists, social interventions should focus on promoting psychological adaptation
as such an effect is likely to be found [2].

Despite well-documented associations between the presence of supportive, nurturing
relationships and an array of health outcomes including mortality in community samples [3—
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5], it is unclear whether mortality in cancer patients is associated with indicators of social
network such as marital status, network size, and perceived social support. No consensus has
been reached largely because the results of the individual studies have been inconsistent and
the topic has not yet been subject to quantitative meta-analysis. A qualitative review
concluded that seven studies revealed a positive association of social involvement and/or
social support with the longevity of cancer patients, but another eight did not [6]. These
authors emphasized the need for a quantitative meta-analysis that integrates the available
literature and identifies variables that may affect the size of the observed relationship,
including subgroups defined demographically or with respect to disease characteristics that
may appear to derive special benefit from social network. The demonstration of such an
association would lend some credibility to the idea that interventions designed to enhance
social support may affect longevity.

The present meta-analysis had two goals: (1) to analyze whether three indicators of social
network are associated with cancer mortality: perceived social support, network size, and
marital status; (2) to test whether the size of the observed relationships is moderated by
sociodemographic variables, disease characteristics, such as cancer stage, and important
study parameters such as length of study interval and statistical control for confounding
variables.

2. Social support, social network, and marital status as predictors of cancer

mortality

Eight non-mutually exclusive explanations have been suggested for the apparent connection
between indicators of social network and mortality in cancer patients. The first six
explanations are substantive, and suggest that social network affect cancer mortality either
directly or indirectly via an as yet unidentified mechanism. The other two explanations
invoke statistical confounding.

Substantive explanations

First, the effects of social network may be biologically mediated, particularly through
neuroendocrine or neuroimmune pathways. For example, social support may limit or
mitigate the effects of stress-related endocrine changes possibly associated with tumor
proliferation [7]. In fact, Levy et al. [8] found higher natural Killer cell activity in breast
cancer patients with high-quality emotional support, and Turner-Cobb et al. [9] found an
association between higher levels of social support and lower cortisol levels in metastatic
breast cancer patients. Second, social network may affect health behavior, either specific
with regard to cancer or in general. For example, as members of the social network may
prompt at-risk individuals to seek health care, married patients and those with a larger
network may be diagnosed earlier and thus have a better prognosis. Although some studies
found the expected effect of marital status on the delay of seeking treatment (e.g., [10,11]),
other studies did not (e.g., [12]). Similarly, Mor et al. [13] found no significant effect of
social support on treatment delay, indicating that the average effects may be small and
difficult to detect. Beyond treatment-seeking, other health behaviors may also be relevant.
Members of the social network may encourage cancer patients to maintain a more healthful
diet, abstain from health-damaging behaviors such as cigarette smoking or excessive alcohol
consumption, engage in regularly physical activity, and diligently attend all scheduled
follow-up visits with oncologists and primary care providers. Of course, some if not all of
these health behaviors (e.g., cigarette smoking, alcohol consumption) may also affect
psychological and physiological function. Third, after being diagnosed with cancer, patients
with better social networks may have greater or more reliable access to the health care
system and assistance with navigating its complexities. Consequently, these patients may
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also be able to maintain higher levels of treatment compliance. Specifically, patients with
higher levels of instrumental support may be more likely to receive assistance in getting to
medical appointments or to the pharmacy. They may also be more likely to receive
reminders to take medications and assistance with nutrition and mobility which might
protect against disability and contribute to improved survival [14,15]. Fourth, patients with
better social networks may be more likely to receive vigorous, aggressive, active cancer
treatment. There are three reasons for this: (a) Network members may provide vital
information about best practices in cancer treatment, as well as information about providers
and care-delivery systems (hospitals, cancer centers). This information is relevant for
treatment choice. Members of the social network may steer cancer patients toward relatively
more effective treatments, providers, or settings. Alternatively, the patients themselves, on
account of their own enhanced health literacy by virtue of having access to more
information channels, may make more effective treatment decisions. (b) Network members
may enhance the motivation for seeking effective treatment, for example mediated through a
stronger will to live because patients experience their life as more fulfilling or feel needed
by network members. In fact, it has been observed that patients with more social support are
more willing to agree to chemotherapy [16], and that married patients are more likely to
receive chemotherapy than unmarried patients [17], although not all available studies found
such relationships [18]. (c) As married individuals have, on average, higher incomes [19],
they may have better access to cost-intensive treatments. Fifth, associations of social
network with cancer survival may be psychologically mediated. For example, low levels of
social support may be related to depression [20] which may influence cancer mortality [6].
Sixth, higher levels of mortality in nonmarried patients may be a response to loss through
death or divorce or an effect of the loss of other important sources of social support rather
than an effect specific to cancer [21]. The effect of social losses may be, again, mediated
through physiological, psychological, or health behavior channels, such as impaired mental
health, compromised immune function, or deteriorating health habits. To the extent that the
effects of social network on longevity can be explained by the mechanisms listed here, then
statistical control for these putative mediators (e.g., alcohol consumption, depression) would
be expected to diminish the effect size.

Statistical explanations

There are two types of statistical confounding. First, associations of marital status and
network size with cancer mortality may, in part, reflect health-driven social selection.
Healthy individuals probably have a higher chance of getting married and remarrying after
the loss of the partner [22,23]. Similarly, they may be more likely to build and maintain a
larger social network. If network size or marital status were mainly proxies for health or
vitality, then associations between network variables and mortality should no longer be
significant after statistically controlling for indicators of physical health such as the presence
or severity of medical comorbidity. Second, associations of social support, network size and
marital status may be based on demographic confounding variables, such as age, gender, or
socioeconomic status (SES) rather than on causal effects of support and network variables.
For example, mortality rates in general and cancer-related mortality rates increase with age
(e.g., [24]), and older individuals have smaller networks (e.g., [25]) and may have lower
levels of social support, in part because they are more likely to have been widowed [26] and
to have survived the deaths of numerous relatives and friends. Similarly, there are well-
documented socioeconomic gradients in morbidity and mortality [27]. If indicators of social
network were mainly proxies for age or SES, then bivariate associations of perceived social
support, network size, and being married with cancer mortality may, at least in part, be
based on the higher mortality of older patients or socioeconomically disadvantaged patients
[28]. Thus, associations of perceived social support, network size, and marital status with
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mortality might be reduced or even become nonsignificant after statistical controlling for
sociodemographic and other confounders.

Although at least six substantive and two statistical reasons for an association of social
support, social network, and marital status with cancer survival have been suggested, the
available studies on these associations have been inconclusive. A qualitative review found
positive associations of indicators of social involvement and perceived social support with
length of survival of cancer patients in about half of the studies reviewed [6]. With regard to
differences in mortality between married and unmarried (never married, divorced/separated,
widowed) respondents, a recent meta-analysis not specific to cancer found higher mortality
in widowed older adults (risk ratio (RR): 1.11, 95% confidence interval (CI): 1.08-1.14),
divorced/separated (RR = 1.16, Cl: 1.09-1.23), and never married (RR = 1.11, CI: 1.07-
1.15) older adults than in married seniors [29]. However, the size of the association may
differ for cancer patients, where other variables, beyond baseline health and bereavement,
may be important. A narrative literature review found no evidence for an influence of
marital status on prognosis of cancer [19]. Nonetheless, some recent large-scale studies
found longer survival of married than of unmarried cancer patients [30,31] but a few studies
found shorter survival in married than in unmarried patients [15,32,34 in breast cancer
patients only].

The apparently null findings of some studies may simply reflect a small as opposed to nil
association because effects are more difficult to detect in smaller samples. In addition, part
of the heterogeneity of the results may be based on differences in study characteristics, such
as the proportion of subjects with advanced cancer or significant functional impairments.
For example, the level of receipt of emotional and instrumental support may, in part, reflect
the level of support needs (e.g., of being emotionally distressed, and of having impaired
functional status, respectively) which could even be associated with lower length of survival
(e.g., [30,34]). Similarly, being married may indicate availability of high levels of emotional
support and having a high will to live, but might, in the cases of terminal illness, also lead to
feelings of guilt and burdensomeness [35]. Thus, there may be overall small protective
effects of social support, network size, and being married on cancer survival, but these
effects may be detected only when accounting for instrumental or emotional needs.

In sum, we expected that perceived social support, network size, and being married would
be associated with lower cancer mortality when the effects are pooled across available
studies. Most explanations for an association between social network and cancer mortality
suggest that the effect of the network and of marital status on survival is mediated through
aspects of social support (e.g., providing relevant information, help with getting optimal
therapy, promotion of mental health [14,17]). Thus, there may be stronger associations of
social support with survival than of network size and marital status with survival because
social support is more proximal. From the perspective of translational research this would be
especially interesting, given that perceived support is perhaps more modifiable than network
size and definitely more so than marital status. Nonetheless, Cohen [36] suggested that
associations between social network variables and survival may be attributable to both
health-promoting mechanisms associated with social integration and support and to disease-
promoting mechanisms that operate among the most isolated. In this case, associations of
network size with cancer survival may even be stronger than associations between support
and survival. Nonetheless, differences in the size of the association of marital status, social
network, and perceived social support with cancer survival may be smaller than expected
because available studies rarely focus on those aspects that may have the strongest effect on
survival (e.g., serious social isolation, receiving good medical advice, etc.).
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3. Moderating effects of demographics, disease parameters, and study
characteristics

Several demographic, disease, and study characteristics may moderate the size of the
association between perceived social support, network size, and marital status with cancer
mortality.

3.1. Demographic characteristics

3.1.1. Age—As the average size of social network declines with age (e.g., [25]), and
support needs increase due to growing numbers of chronic diseases and physical
impairments (e.g., [26]), older cancer patients may be at greater risk for having insufficient
network members as sources of support. Thus, we expected that associations with cancer
mortality of social network indicators to increase with age. In fact, Funch and Marshall [37]
found a stronger association of social involvement in the 5-year period before diagnosis with
length of survival among older patients. Similarly, Vogt et al. [38] found that larger network
scope predicted longer cancer survival in individuals 75+ years but not in younger persons.
However, associations of two other network measures with length of survival in that study
did not vary by age.

3.1.2. Gender—It has been suggested that marriage might have a stronger effect on men’s
health than women’s in part because wives are more likely to promote healthy habits in
husbands than vice versa [39]. In fact, Lai et al. [40] found that marital status explained up
to 19% of the mortality difference in men with late-stage cancer, as compared to 9% among
women with this disease. However, a meta-analysis that did not focus specifically on cancer
but instead examined survival among older adults in general did not reveal gender
differences [29]. Therefore, we do not offer a directional hypothesis about gender
differences in the associations of survival with indicators of social network.

3.1.3. Subgroups of nonmarried patients—On the one hand, divorced and widowed
patients may have larger social networks than never married patients (e.g., due to a higher
probability of having children [41]) and may, therefore be more likely to activate social
support after facing a severe illness. Thus, never married patients could be expected to show
elevated mortality rates compared to divorced/separated and widowed patients. On the other
hand, associations of marital status with mortality may be based on the effect of the loss of
the spouse, thus suggesting elevated mortality of divorced and widowed compared to never
married patients [21]. However, this would no longer be relevant with increasing duration of
being divorced or widowed and should therefore not outweigh the effects of singlehood on
mortality.

3.2. Disease characteristics

3.2.1. Stage—In advanced stages of cancer, biological functions may become increasingly
important in regard to patient mortality while psychosocial factors may play a larger role in
the outcomes of less progressed cancer [42]. In fact, Ell et al. [33] observed that perceived
adequacy of social support was associated with better survival in patients with localized
cancer but not in those with advanced cancer. However, Reynolds et al. [43] observed that
associations of emotional support and breast cancer survival were even stronger in women
with later stage of the disease. No such differential effects were found in that study for
marital status, instrumental support, and network size. Due to the heterogeneity of available
results, no directional hypothesis was offered.
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3.2.2. Cancer site—Similarly, it is unclear whether the size of associations of social
network with cancer mortality would vary by cancer site. Some of the biological mediators
may vary by cancer site. For example, as social factors affect hormone production [7] such
an effect on survival would be relevant mainly for hormone dependent tumors [44]. Lai et al.
[40] analyzed associations between marital status and survival in patients with different
cancer sites. Whether married patients lived significantly longer than unmarried patients
seemed to depend more on the sample size of the subgroups than on cancer site.

3.3. Study design and methods

3.3.1. Time of assessment of the independent variables—It has been observed that
being diagnosed with cancer can be associated with change in social contact with family
members and in available social support [45]. Similarly, employed cancer patients may not
be able to maintain social contact with their co-workers during their sick leave or because of
having to quit the job. Thus, the network size and perceived social support assessed prior to
or concurrent with the diagnosis of cancer may be weaker predictors of cancer mortality
than assessments made after being diagnosed. This question has not yet been systematically
tested.

3.3.2. Length of study interval—On the one hand, the perceived availability of social
support, network size, and marital status may change over time, so that scores at the first
time of data collection lose predictive power with increasing time interval. For example in
the first one to 6 years after being diagnosed with cancer, Villingshgj et al. [45] found a
change in partner status in about 7.5% of the cancer patients assessed, and change in
frequency of contact with their children in about 15%. On the other hand, effects of social
variables may be more difficult to detect in the first few months after being diagnosed
because of the strong cancer- and treatment-related biological processes during that time.
According to this view, associations between social network and cancer mortality may
become stronger over time. In fact, some studies found that the effects of social support [32]
and marital status [22] on cancer survival accumulated over time. No directional hypothesis
is offered.

3.3.3. Control for other variables—Associations of perceived social support, network
size, and martial status with mortality may be stronger in uncontrolled studies than in studies
that controlled for medical or sociodemographic characteristics that may, in part, explain or
mediate the effects on survival of social network. In fact, DeGraef et al. [46] observed that
marital status and social activity were univariate predictors of survival but were no longer
significant in multivariate analysis that controlled for confounding variables. Nonetheless, as
very few of the putative mediators of the association between social network and survival
are controlled for in multivariate analyses, we expected that statistical control for
confounding variables would reduce but not eliminate the effects on survival of social
network.

In sum, with respect to moderators, we compared the effects on mortality of perceived social
support, network size and marital status as a function of age, gender, cancer stage, cancer
site, time of assessment of independent variables, length of study interval, and statistical
control for confounders. Evaluating the quality of individual studies is controversial [47]. In
the present meta-analysis, we focused on an important indicator of study quality, namely
whether the studies controlled for confounding variables.
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4. Methods

4.1. Identification of studies

We identified a comprehensive sample of studies searching electronic data bases
(MEDLINE, Cochrane Data Base, Psyclit, PSYN-DEX); search terms: [(malignant or cancer
or carcinoma) and (social support or network or frequency of contact, or marital status or
married or widowed or divorced or separated) and (survival or mortality or death or Kaplan—
Maier or Cox)] and cross-referencing. Criteria for inclusion in the meta-analysis were:

1. The participants were cancer patients or were enrolled in a prospective community-
based sample for which cancer mortality is reported.

2. Information about the level of perceived social support, network characteristics,
and/or marital status is provided.

3. Information on general or cancer-specific mortality is provided.

4. Statistics about associations between perceived social support, network size, and/or
marital status with mortality could be computed or estimated (e.g., based on risk
ratios and their confidence intervals, survival curves, p-values of Cox regression or
Kaplan—Maier analysis).

We did not include the effects of “supportive interventions” or “psychosocial interventions”
or “psychotherapy” in our meta-analysis as these interventions often include other
components in the addition to the provision of social support, such as cognitive
restructuring, and go beyond the provision of emotional and instrumental support [48].
Moreover, the literature on this topic has recently been reviewed [1]. Recognizing that
supportive interventions involve more than merely providing support, this review is
conceptualized in part as an examination of one of the premises underlying the presumed
health consequences of such interventions.

Of the 94 empirical papers initially identified, 87 met all inclusion criteria with a total N of
10,795,137 [10,11,14,15,17,22,30-34,37,38,40,43-45,49-118]. The remainder were
excluded because they provided insufficient information about effect sizes (five studies),
duplicated published results (one study) or did not distinguish between individuals married
at the time of first assessment and previously married persons (one study). Eleven of the
remaining 87 studies reported results for multiple samples (e.g., for men and women or for
different cancer sites), yielding a total of 104 samples.

4.2. Coding of variables

We entered the year of publication, the numbers of participants, age, gender, method to
assess perceived social support and assessing network size, sample composition (1 = cancer
patients only, 0 = community sample), cancer site (1 = breast, 2 = leukemia/lymphoma, 3 =
lung, 4 = other sites, 5 = mixed sites), cancer stage (1 = early [I, 11], 2 = mixed/not reported,
3 = late [I11, IV]), timing of assessment of support, network size and/or marital status (1 =
prior to cancer diagnosis, 2 = after diagnosis), and study interval (years). With regard to
control for other variables, we created six dummy variables (1 = yes, 0 = no) indicating
whether the study controlled for cancer site, health status (stage, functional status, medical
comorbidities), age, gender, SES (educational attainment and/or income) and alcohol/
tobacco use. Associations of perceived social support, network size, and marital status with
mortality were coded as risk ratios. The risk ratio is a summary of the difference between
two Kaplan—Meier curves or Cox regression curves and represents the overall increase in the
risk of death over the period of follow-up. It has been especially useful for comparing two
survival curves because it allows for censoring.
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For studies reporting data for more than one follow-up, we included the results of all follow-
ups but adjusted their weight so that the sum of the subresults’ weight would be equal to the
weight when only including one result [119].

4.3. Statistical integration of research findings

5. Results

Calculations for the meta-analysis were performed using random-effects models and the
noniterative method of moments [120] given the expected variability in effect sizes between
studies beyond subject-level sampling error. Calculations were conducted as follows.

1. If the risk ratio was not reported, it was computed from logrank statistics, survival
curves, or from information about the numbers of deceased and living patients with
low versus high levels of perceived social support, high versus low network size,
and married versus unmarried respondents [121]. Then, log risk ratios were
computed because they are approximately normally distributed and allow for
combining results across studies.

2.  Weighted mean effect sizes were computed [119]. The homogeneity of effect sizes
was tested by use of the homogeneity statistic Q. The significance of the mean was
tested by dividing the weighted mean effect size by the estimated standard error of
the mean. Then confidence intervals (Cl) that include 95% of the effects were
computed for each effect size. Differences between two conditions were interpreted
as significant when the 95% Cls did not overlap.

3. Summary statistics of the effect size and the 95% CI were converted back to risk
ratios by taking the antilogarithms.

4. Weighted ordinary least squares regression analysis [122] was used to conduct
multivariate analyses of the influence of moderator variables.

5. Funnel plots were used as an indicator for publication bias [119].

Of the 104 samples, 27 included patients with mixed cancer sites, 24 focused on breast
cancer, 10 on leukemia and lymphomas, 9 on lung cancer, and 34 samples on other cancer
sites (e.g., colon, pancreas). The majority combined patients with early and late stages of the
disease (N = 93); three focused on patients with early-stage cancer (I/1) and eight on late-
stage disease (I11/1V). Most (N = 85) assessed support, network size and/or marital status
after cancer diagnosis; 19 examined the influence of these variables prior to cancer
diagnosis. The latter were community-based cohort studies that assessed risk for different
sources of mortality. For the present analyses, only data on cancer mortality were used.
Forty studies reported only bivariate associations between social network and survival, 27
only multivariate associations that controlled for some confounders, and 19 bivariate as well
as multivariate associations. Studies with multivariate analyses controlled for (some)
confounding variables, such as age (k = 35 studies), cancer site (k = 35), gender (k = 34),
stage (k = 31), SES (k = 11), medical comorbidities (k = 8), functional status (k = 7), and
alcohol/tobacco use (k = 7). Thus, the controlled studies varied regarding which
confounding variables were controlled. The included studies are identified in the Reference
section.

A large number of different measures (N = 22) were used for assessing perceived social
support, such as the MOS Social Support Survey ([123]; k = 2). Social network indicators
were assessed with single-item indicators (e.g., contact frequency, number of confidants; k =
9) and multi-item scales (k = 6), such as the Social Network Inventory [124]). The marital
status of the respondents was assessed with single-item indicators (k = 66).
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The participants had a mean age of 65.9 years (SD = 6.2), 57% were women, and 14.3%
were members of ethnic minorities. About 86% of the respondents were married. The
average study interval between assessment of social network and of survival was 7.1 years
(SD =5.2). Intervals were longer in community-based studies (M = 12.2 years, SD = 5.5)
than in clinical studies with cancer samples (M = 5.9 years, SD = 4.3; t(103) =5.71,p <.
001). During this interval, about 40.2% of the participants were deceased.

We used funnel plots to check for publication bias. With regard to associations of network
size with mortality, we found that studies with below-average risk ratios were more likely to
have sample sizes of 2000-4000 whereas those with above-average risk ratio were more
likely to have sample sizes of 5000-6000 patients. In studies on the association of marital
status with mortality, we found more studies with below-average risk ratio with 5000-7000
patients and more studies with above-average risk ratio with >10,000 patients. As there was
no evidence for publication bias (i.e., large and significant effect sizes were not
overrepresented among studies with small sample sizes), it is unlikely that small studies with
nonsignificant results would be less likely to be published.

Because community-based studies on mortality usually start with people having no life-
threatening disease, initially measured network variables may affect disease onset and
disease whereas studies with cancer patients analyze effects of network variables on disease
progression. Thus, we first checked whether the association of network variables with
mortality differed between these groups of studies. Because no differences were found for
social support (RR = .86, Cl: .63-1.17 versus RR = .79, CI: .71-.89), network size (RR =.
81, Cl: .68-.95 versus RR = .78, Cl: .68-.90), and marital status (RR = .87, CI: .84-.89
versus RR = .87, Cl: .82-.91), both groups of studies were collapsed for the following
analyses.

With regard to the first research question, we analyzed whether perceived social support,
network size and marital status would be associated with cancer mortality. Separate effect
sizes were computed for uncontrolled studies and for studies that controlled for one or more
confounding variables (age, gender, SES, health status/cancer stage, alcohol/tobacco use). In
line with our expectations, both groups of studies showed lower mortality in individuals
with higher levels of perceived social support, larger social networks, and in married as
compared to nonmarried respondents (Table 1). For example, the controlled risk ratio of .75
of the association between perceived social support and survival indicates that the relative
risk of mortality was reduced by 25% when the level of perceived support increases by one
standard deviation unit. Similarly, the relative risk for mortality was reduced in controlled
studies by 20% when the size of the network increases by a standard deviation. In controlled
studies, the relative risk for mortality of married respondents was 12% lower than the
relative risk for mortality in unmarried persons. As indicated by overlap of the 95%
confidence intervals, the effect sizes of the association of perceived social support, network
size, and marital status with mortality did not differ significantly.

As shown by the overlap of the 95% ClI, effect sizes of uncontrolled studies and controlled
studies did also not differ significantly (Table 1). Thus, we computed average effect sizes
across controlled and uncontrolled studies that replicated the results of the analysis of
uncontrolled and controlled effects.

We next checked whether associations of marital status with mortality would differ between
never married, divorced/separated, and widowed individuals. Risk rations were computed
that compare the relative risk for mortality in these groups against the relative risk in
married individuals. As shown in Table 2, never married, divorced/separated, and widowed
individuals had higher mortality rates than married individuals. As indicated by the non-
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overlap of the ClI, the survival disadvantage of never married persons in controlled studies
was significantly larger than the survival disadvantage of divorced/separated and widowed
individuals. Similarly, when combining controlled and uncontrolled studies, never married
respondents had a larger survival disadvantage than divorced/separated and widowed
individuals.

As shown by the Q-statistics, the size of the associations of perceived social support,
network size, and marital status with mortality varied between studies, underscoring the
need to identify moderators (study characteristics that moderate the size of the observed
association of network variables with mortality). Thus, weighted multiple linear regression
analyses were computed for analyzing the effects of moderating variables.

As cancer mortality varies by age, gender, SES, health status/cancer stage, and alcohol/
tobacco use [34,47,49,85,87,94], we checked whether studies controlled for all of these
variables. Unfortunately, only one of the studies did. Because we could not compare high-
quality studies that controlled for all relevant variables with other studies, we built a count
variable that sums up the number of controlled variables. With weighted multiple regression
analysis we tested whether the association of the network variables with mortality varied by
the number of control variables. Interestingly, the association of network with mortality did
not vary by the number of controlled variables (social support: B = .08, = .23, Z = 1.11;
network size: B = —.00, f = —.01, Z = —.04; marital status: B = —.02, = —.11, Z = —.60).

In the next step, we tested whether the association between social network and cancer
survival observed in multivariate analyses would vary by the inclusion of individual control
variables. As shown in Table 3, the association of social support with cancer mortality was
weaker in studies that controlled for gender and SES. In addition, the association of social
network with cancer mortality became stronger in studies that controlled for alcohol/tobacco
use and weaker in studies that controlled for gender, functional status, and comorbidities
(potential confounders). Finally, the strength of the association of martial status and
mortality became stronger in studies that controlled for gender, cancer site, and comorbidity.

In the second set of regression analyses, we tested whether the association of social network
with mortality would vary by other study characteristics, such as age, gender, cancer site,
and stage. Because eight studies were available on late stage of cancer, as compared to three
studies on early stage, we included a dummy variable that compares studies with late-stage
cancer to other studies (mixed stage, early stage). In addition, a sufficient number of studies
for inclusion in the meta-analysis were available for breast cancer and leukaemia/lymphoma
but not for other sites. Due to the large number of methods used for the assessment of
perceived social support and network size, we could not include individual measures as
predictor variables.

As shown in Table 4, we found a stronger association of perceived support and survival in
studies on patients with leukaemia and lymphomas than in studies with other cancer sites. In
addition, associations of network size and cancer mortality were stronger in studies with
older patients and in studies with breast cancer patients. Finally, weaker associations of
being married with mortality were observed in studies with late-stage cancer patients as
compared to studies on early and mixed stages, and in studies with longer intervals between
baseline and follow-up.

6. Discussion

The present meta-analysis showed that the longevity of cancer patients is related to their
perceptions of social support, the size of their social networks, and their marital status. We
found no evidence for stronger associations of social support with mortality than of network
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size and marital status with cancer mortality. In addition, the observed effects varied by
study characteristics.

Whereas a previous narrative review on this topic yielded inconsistent results [6], the
present meta-analysis provides clear and unequivocal evidence for the association of social
network with longevity in cancer patients. Reductions of relative risk for mortality by 12—
25% in patients with high levels of perceived social support, large social networks and in
married patients (controlled studies) show that the effects are clearly clinically meaningful,
even though they may be too small to detect in studies that are not sufficiently powered.

We did not find significantly stronger associations of social support with mortality than of
marital status with survival. Although some available explanations for effects of social
network on survival suggest stronger effects of social support than of network size (for
example because closely knit networks may be more supportive than large numbers of
acquaintances [125]), some relevant aspects of reported social support provision that may
promote survival were rarely measured. This would include getting help with accessing the
best available treatment, which would be considered instrumental support. Thus, effects of
perceived support on cancer mortality may have been underestimated in the present studies.

As bivariate associations of perceived social support, network size, and marital status with
cancer mortality may, in part, be based on the effects of statistical confounding variables
(e.g., demographics), we were interested in whether uncontrolled studies would yield higher
effect sizes than controlled studies. We found some empirical evidence for the assumption
that the association between social network and cancer mortality may, at least in part, be
based on confounding effects of SES as the association of perceived social support with
mortality became weaker in studies that controlled for SES. However, no evidence was
found for the suggestion that the association of network variables with mortality could be
explained by the fact that low support or lack of social ties may lead to higher levels of
smoking and alcohol use. The association of social network size with mortality became even
stronger in studies that controlled for smoking and alcohol use. Larger networks might
confer both health-damaging effects (through more opportunities for drinking and smoking)
and health-promoting effects. By accounting for smoking and alcohol, we were able to
detect the salutary effects of social networks more readily.

Studies that controlled for gender differences in mortality found weaker associations of
social support with survival but stronger associations of marital status with survival.
Associations of marital status with mortality are underestimated in studies that did not
control for gender because women are more likely to be widowed and to live longer than
men. However, because women receive, on average, more emotional support than men
[126], associations of perceived support with cancer mortality are, in part, confounded with
gender differences in life expectancy.

Associations of network size and marital status with cancer mortality varied between studies
that controlled and those that did not control for comorbidity. Weaker associations of
network size with mortality in controlled studies may indicate that comorbidities impair the
pursuit of many social contacts and decrease length of survival. In this regard, the
comorbidity variable behaved like a confounder. However, controlling for comorbidities
strengthened the association between marital status and length of survival. Thus, lower
cancer mortality of married patients could not be explained by their better general physical
health.

We had expected that associations of perceived support, network size, and marital status
with cancer mortality would be stronger in older patients. This assumption was empirically
supported for network size, but not for marital status and perceived support. The benefits of
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expanded social networks accrue early in expansion, with the most benefits occurring for
some members versus very few members of the social network [127]. Because older adults
invest more energy in maintaining close and supportive social ties than in maintaining large
social networks [25] they may be at higher risk for not having a sufficient number of social
ties than for lacking emotional support.

We had explored whether the association of social network with mortality may vary by
cancer sites. Unfortunately, only a very limited number of cancer sites could be compared.
Perceived social support showed a stronger association with reduced mortality in leukeamia
and lymphoma patients than in other patients; network size showed a stronger association
with reduced mortality in breast cancer patients than in other patients. As lymphoma and
leukaemia patients receive highly aggressive therapy with strong side effects they may profit
more from available social support. Given the fact that breast cancer is the most frequent
cancer site in women and that social recommendations promote breast cancer screening
practices and early detection of breast cancer [128], women with larger networks may be
more likely to receive and use these recommendations, and may therefore survive longer.
Alternatively, the stronger association of network size with mortality in breast cancer
patients may indicate that network size affects hormonal changes and has, therefore,
stronger effects on mortality in hormone dependent tumors.

Given the fact that the level of perceived social support, the network size and marital status
may change over time, we had expected that the associations with cancer mortality would
decline with increasing study intervals. This hypothesis was supported for marital status but
not for the other independent variables. As more studies and larger sample sizes were
available for the former analysis, the small effect of the length of the study interval was
probably only detected in the analysis with the largest data base. However, associations of
network variables with mortality did not vary between prospective community-based studies
of initially healthy adults and clinical studies with cancer patients. This result indicates that
social network variables may have similar effects on cancer progression and on cancer
onset.

In line with the suggestion that associations of psychosocial variables with cancer mortality
would be more difficult to detect in patients with late stages of cancer than in earlier stages
[42], we found that the negative association of marital status with mortality was weaker in
late-stage cancer than in early and mixed stages. A univariate analysis even shows that being
married is associated with elevated mortality risk in the six studies with late-stage cancer
(RR=1.11, CI: 1.02-1.21, Z = 2.46, p < .05), whereas the reverse is true in other samples
(RR = .85, CI: .83-.88, Z = —9.97, p < .001). This surprising result may indicate that late-
stage cancer patients psychologically suffer from burdening their spouse as a caregiver,
which again reduces their will to live [129]. Feeling demoralized, spouses of late-stage
patients may begin the grieving process, with implications for the emotional environment in
the family and for patient survival.

Although it has been suggested that men may profit more from being socially integrated
than women [39,40], associations of perceived social support, network size and marital
status with mortality did not vary by gender. The assumption about gender differences was
based on men’s larger needs for social control over their health behavior. However, in the
case of cancer, health behavior is to a large extent controlled by the medical staff (e.g.,
during stays in hospital), so that unmarried patients may experience sufficient social control
over their health behaviors irrespectively of their gender. Alternatively, as Manzoli et al.
[29] did not find gender differences in the association between marital and mortality of older
adults in general, health behaviors may be less relevant as a mediator of the association
between marital status and mortality.
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7. Limitations and conclusions

Some limitations of the present study have to be mentioned: First, although our meta-
analysis included 87 studies and a total of more than one million participants, sub-analyses
could only be computed for two cancer sites. Second, some potential moderators of the size
of the association of perceived social support, network size and marital status with cancer
mortality could not be tested due to the lack of sufficient data (e.g., ethnicity, level of
psychological distress, religious involvement). Third, available multivariate studies
controlled only for a very limited number of confounders. For example, they usually did not
control for psychological health and personality variables. Thus, studies are needed that
control for a larger range of potential confounders. In addition, randomized intervention
would help excluding the possibility that the observed effects could be based on unmeasured
confounding variables. Such interventions in natural social networks may be targeted at
building stronger (more supportive) ties to existing network members, creating close ties
with members of the community, and reducing negative interactions [36].

Fourth, because most available studies did not differ between cancer-related mortality and
other causes of mortality in cancer patients, we were not able to test for effects of specific
causes of death. Fifth, we did not have sufficient data for testing the effects of different
subaspects of social network and support, such as contact with friends versus family
members, and instrumental versus emotional support. Sixth, insufficient data were available
for the analysis of simultaneous effects of perceived social support, network size, and
marital status on mortality in cancer patients. Finally, we were not able to meta-analyze
mediators of the relationship of support, network size, and marital status with mortality.

Despite these limitations, we conclude that cancer patients with lower levels of perceived
support, smaller network size, and unmarried patients are at a higher risk for mortality and
that this effect cannot be explained by sociodemographic confounders. Second, we conclude
that some of the explanations for the association between social network and mortality are
not supported by the present meta-analysis: The observed association with network size and
marital status could not be explained by an effect of SES because statistical control for SES
did not change the size of the association of these variables with mortality. Similarly, the
association of social network with cancer survival could not be explained by effects of the
loss of the spouse due to divorce or widowhood because controlled studies found even
stronger effects of marital status for never married than for divorced and widowed patients.
In addition, statistical control for health-related variables had no consistent effect on the
association between social network and mortality, thus ruling out the possibility that the
effect of social network is a proxy for the effect of good health or vitality. Our results rule
out the possibility that the association of social network with cancer mortality is based on
these confounders, although we could not test for other confounding variables, such as
psychological health. With regard to future research needs, strict control for confounding
variables would be recommended in order to increase the quality of the studies. Third, more
studies on associations of perceived social support, network size, and marital status with
mortality are welcomed for those cancer sites that could not be included in the analysis of
site-specific associations. This would enlarge our knowledge about whether effects of social
network are site specific or global. Fourth, more efforts are needed for analyzing whether
perceived social support, network size, and marital status would have independent effects on
mortality by simultaneously including the three predictors and also including psychosocial
confounders or mediators, such as depressive symptoms. Fifth, studies are needed that assess
mediators of the association of perceived social support, network size, and marital status
with cancer survival. As several mediators have been suggested [16,130,7], studies with
large sample sizes would be needed for identifying these mediators. Finally, prospective
longitudinal studies cannot test causal hypotheses because the observed effects of social
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pport, network size and marital status might also be explained by unmeasured third

variables. For testing causal effects of network variables and perceived social support on
mortality, randomized intervention studies are welcomed that increase availability of social

su

pport or the level of social contact in patients with low levels of available support and

small social networks. If present, effects of supportive interventions designed to enhance

pe

rceived support would most likely be found in patients reporting lower levels of support in

their daily lives. Similarly, effects of activation and network-building interventions would
most likely be found in those with smaller networks.
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