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Abstract

Background

Social isolation is an important determinant of all-cause mortality, with evidence suggesting

an association with cancer-specific mortality as well. In this study, we examined the associa-
tions between social isolation and neighborhood poverty (independently and jointly) on can-
cer mortality in a population-based sample of US adults.

Methods

Using data from the Third National Health and Nutrition Examination Survey (NHANES III;
1988—-1994), NHANES Il Linked Mortality File (through 2011) and 1990 Census, we esti-
mated the relationship between social isolation and high neighborhood poverty and time-to-
cancer death using multivariable-adjusted Cox proportional hazards models. We examined
the associations of each factor independently and explored the multiplicative and additive
interaction effects on cancer mortality risk and also analyzed these associations by sex.

Results

Among 16 044 US adults with 17-23 years of follow-up, there were 1133 cancer deaths.
Social isolation (HR 1.25, 95% CI: 1.01—1.54) and high neighborhood poverty (HR 1.31, 95%
ClI: 1.08—1.60) were associated with increased risk of cancer mortality adjusting for age, sex,
and race/ethnicity; in sex-specific estimates this increase in risk was evident among females
only (HR 1.39, 95% CI: 1.04—1.86). These associations were attenuated upon further adjust-
ment for socioeconomic status. There was no evidence of joint effects of social isolation and
high neighborhood poverty on cancer mortality overall or in the sex-stratified models.

Conclusions

These findings suggest that social isolation and higher neighborhood poverty are indepen-
dently associated with increased risk of cancer mortality, although there is no evidence to
support our a priori hypothesis of a joint effect.
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Introduction

Social isolation (defined as a lack of participation in social relationships and/or a complete or
near-complete lack of interaction with others and/or with society at large) is a well-established
determinant of all-cause mortality [1-3]. Accumulating evidence has also suggested an associa-
tion between social isolation and cancer-specific mortality [4-6], as well as an association with
poorer prognosis among some cancer sites [6-11]. Conversely, there is evidence that social
integration (defined as participation in a broad range of social relationships; the opposite of
social isolation in this context) is associated with lower rates of mortality [2]. Recent findings
from our group [12] showed that neighborhood poverty is an important predictor of social
integration, particularly the type and quantity of social ties which impacts health outcomes,
and further highlighted the importance of studying the effects of neighborhood factors in the
context of social relationships and their joint effects on health outcomes.

Given the clear evidence supporting the importance of “place” within the context of health
[13], neighborhood characteristics, including aspects of the social, economic and physical
environment, may provide additional information on the contextual effects of a community
on the health of the individual [14-16]. Socioeconomic status (SES) measures (e.g., education,
income, employment), both at the individual and area-based levels, have been shown to be
associated with health status in general [17-20], and cancer-related mortality in particular
[21-23]. While neighborhood SES has been examined in the context of cancer outcomes and
studies have shown that residents of areas characterized by lower SES are more likely to experi-
ence significantly worse outcomes [14-16, 24, 25], the role these factors play as determinants
of poorer cancer outcomes is not clearly understood.

In prior work, we examined the joint contribution of neighborhood poverty and social iso-
lation to all-cause mortality [26], prompting us to wonder whether this effect is unique to spe-
cific causes of death. The conceptual framework that guides this line of inquiry is based on the
work of Berkman et al. [27], Krieger’s eco-social theory [28], and the assertion by Diez Roux
[29] that the relationships between individuals and the group contexts within which they live
and experience relationships are dynamic and reciprocal. In the present study, we examined
the joint effect of social isolation and neighborhood poverty on cancer-specific mortality in a
national sample of US adults with approximately 20 years of follow-up. We hypothesized that
there is an increased risk of cancer mortality associated with both social isolation and high
neighborhood poverty (independently), and that the joint effect of these factors would increase
cancer mortality risk even when controlling for age, race/ethnicity and individual-level SES.

Materials and methods

Study design and measures

We used data from the Third National Health and Nutrition Examination Survey (NHANES
III), National Death Index (NDI), and 1990 Census for the present analysis. NHANES III[30]
employed a complex, multi-stage, stratified sampling design intended to recruit a nationally
representative sample of the non-institutionalized, civilian US population and was conducted
from October 1988-1994. We used the adult household interview data for respondents that
were >17 years old. NHANES III Linked Mortality File contains follow-up data for respon-
dents through December 31, 2011, with mortality status assigned using the NDI [31]. Westat
geocoded and matched respondents’ home addresses to 1990 Census tracts for the National
Center for Health Statistics (NCHS) [32]. We used the 1990 Census file compiled by the Public
Health Disparities Geocoding Project at the Harvard School of Public Health [33], which con-
tains a measure of the percent of residents in each census tract living below the federal poverty
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level (FPL). We used census tracts to represent neighborhoods and measured the proportion
of residents in a census tract living below the FPL with a two-level classification based on the
federal definition. FPL has been shown to be a reliable measure of area-level SES [21]. We
defined low poverty neighborhoods as census tracts where <20% of the residents lived below
FPL and high poverty neighborhoods as those where >20% of the residents lived below FPL.
Race/ethnicity was self-reported as non-Hispanic White (NHW), non-Hispanic Black (NHB),
Mexican-American, and other. Individual SES was based on years of education completed
(<8,9-11, 12, and >13 years) and household poverty-to-income ratio (<1, 1-1.99, 2-2.99,
3-3.99, and >4) [30].

We used a modified Social Network Index (SNI) to define our measure of social isolation.
SNI captures the four domains first assessed by Berkman and Syme [34], and has been used in
previous analyses of NHANES III data [35]. We assigned one point for each of the following:
married or living as married, >156 contacts with friends and family in the past year, attending
>4 religious services in past year, and participating in a voluntary organization. The total
SNI score ranged from 0-4. In the analysis, we used a dichotomized SNI variable: a score of 0
or 1 indicated ‘social isolation’ (unfavorable) and a score of 2-4 indicated ‘social integration’
(favorable; referent group). This categorization scheme is consistent with that used in previous
work [12, 26, 35]. We conducted sensitivity analysis, where SNI was included as an ordinal var-
iable in the initial Cox models, to examine the appropriateness of using this measure in the
present analysis. The results were consistent with those of the dichotomized variable.

The full sample of adult NHANES III participants eligible for follow-up was 20 024. We
excluded respondents if their addresses were not geocoded (n = 2778) or if they lived in their
current neighborhood for <1 year (n = 1202). The final analytic sample consisted of 16 044
respondents or less for analyses where values for included variables are missing. Both the geo-
coded NHANES III and the linked mortality data were made available for restricted-use
through the National Center for Health Statistics Research Data Center to assure confidential-
ity of the study participants. These data are not able to be made publically available except
through that office. The Institutional Review Board at Rutgers University approved the study.

Statistical analysis

The outcome of interest was time-to-death (person-months of follow-up) due to cancer-
related mortality. We identified a death as cancer-related if the underlying cause was one of
the following ICD-10 codes: C00-C97. There were 16 044 participants eligible for the linkage
who also met the other criteria for inclusion and 1133 cancer deaths occurred during the study
period. There were 17-23 years of follow-up for the study sample depending on the year of
NHANES interview with a mean of 215 months (95% confidence interval [CI]: 210, 220) for
the weighted sample.

Age, sex, race/ethnicity, and individual SES were adjusted for in the multivariable models.
As social isolation has been shown to impact the health of men and women differently [34, 36-
39], the models were also stratified by sex to more closely examine its effect on cancer-related
mortality. We accounted for the complex sample design of NHANES III in all analyses by apply-
ing the appropriate weighting, strata and primary sampling unit variables using SUDAAN, ver-
sion 11. We employed descriptive statistics to summarize the weighted characteristics of the
sample. We used Cox proportional hazards regression to model the relationships between social
isolation, neighborhood poverty and months to cancer-related death while adjusting for covari-
ates. If no cancer-related death was recorded, we censored at the end of the follow-up period or
other death. The proportional hazards assumption was examined using Kaplan-Meier curves.
We assumed that death occurred in this sample at a steady rate equal to that in the general US
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population and that participation did not alter their mortality risk. We considered self-rated
health as a covariate under the assumption that people with a cancer diagnosis and who may
have been feeling ill at the time of interview may have a level of social isolation that was directly
related to their health including possible cancer diagnoses. However, in these models the main
effect hazard ratio (HR) did not change and we ultimately excluded self-rated health as a
covariate.

We ran stratified models with main effect social isolation by neighborhood poverty to assess
multiplicative interaction. We then inserted a four-level dummy variable combining SNI and
neighborhood poverty into a joint-effects model to assess additive interaction. The referent
category consisted of individuals with the lowest risk (social integration and low neighborhood
poverty). The comparison groups were social integration/high neighborhood poverty, social
isolation/low neighborhood poverty, and social isolation/high neighborhood poverty (highest
risk group). The referent group represents the absence of the main effects, the high risk group
represents the joint effects and the other variables represent the independent effects. We used
these HRs to calculate measures of additive interaction [40]; however as these results were null
they were not presented.

Results

The demographic characteristics of the overall study sample and by SNI score and neighbor-
hood poverty groups are presented in Table 1. Briefly, 67% of the weighted sample was <50
years and 53% were female. The majority was NHW (74%), earned incomes placing them at or
above FPL (87%) and had at least a high school education (89%). Nearly 6% died from a can-
cer-related cause during the follow-up period. There were few differences in demographic
characteristics by SNI, but there was a higher proportion of women experiencing high social
integration than those experiencing social isolation (54% vs. 51%, P<0.0001). Those classified
as socially integrated were more likely to have at least some college education (P<0.0001) com-
pared to those classified as socially isolated. Differences by neighborhood poverty were more
obvious. There were slightly more women residing in high poverty neighborhoods (i.e., >20%
of residents living below FPL; [56% vs. 52%, P<0.0001]). The proportion of NHBs, Mexican-
Americans and those of other race/ethnicity was higher in high poverty neighborhoods
(P<0.0001). However, the proportion of cancer-related deaths did not differ by neighborhood
poverty.

In the unadjusted model (Table 2), social isolation was not associated with cancer mortality
(HR 0.97, 95% CI 0.79, 1.20); however after adjusting for age, sex, and race/ethnicity, the risk
of cancer mortality was 25% higher among individuals experiencing social isolation com-
pared to those experiencing social integration (HR 1.25, 95% CI: 1.01, 1.54). Upon further
adjustment for individual SES (poverty-to-income ratio and education), this association
was attenuated (HR 1.15, 95% CI 0.92, 1.43), although the suggestion of increased mortality
risk remained evident. No significant association was found between high neighborhood
poverty and cancer mortality in the unadjusted model (HR 1.16, 95% CI 0.97, 1.39); how-
ever, after adjusting for age, sex, and race/ethnicity, cancer mortality risk was 31% higher
among those residing in high poverty neighborhoods (HR 1.31, 95% CI: 1.08, 1.60) than low
poverty neighborhoods. This relationship was attenuated in the fully adjusted model (HR
1.04, 95% CI 0.84, 1.33). When the models were stratified by sex, there was slightly higher
risks of cancer mortality among women with social isolation (HR 1.32, 95% CI: 0.96, 1.83)
and residence in high poverty neighborhoods (HR 1.39, 95% CI: 1.04, 1.86) when adjusted
for age and race/ethnicity (Fig 1). Again these associations were attenuated upon further
adjustment for individual-level SES.
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Table 1. Weighted demographics characteristics of the study population presented by neighborhood poverty and social network index, NHANES
Ill, N =16 044.

Age Total Social isolation Social integration Neighborhood Neighborhood poverty
(SNI=0,1) (SNI=2-4) poverty <20% >20%
% (SE) % (SE) % (SE) % (SE) % (SE)
17-19 4.76 6.09 (0.44) 3.94 (0.40) 4.46 (0.40) 6.03 (0.51)
(0.35)
20-29 19.80 25.33(1.15) 15.14(0.92) 18.64 (0.85) 24.84 (1.55)
(0.81)
30-39 23.73 22.42 (1.09) 23.76 (0.94) 24.00 (0.94) 22.58 (1.33)
(0.75)
40-49 17.86 14.61(0.82) 20.37 (0.76) 18.41 (0.73) 15.48 (1.06)
(0.62)
50-59 11.91 10.76 (0.66) 13.37 (0.58) 12.43 (0.49) 9.68 (0.63)
(0.41)
60-69 10.89 9.03(0.54) 12.57 (0.69) 11.05 (0.59) 10.22 (0.74)
(0.49)
70-79 7.63 7.32(0.50) 8.10 (0.44) 7.68 (0.48) 7.44(0.62)
(0.41)
>80 3.41 4.43(0.34) 2.76 (0.28) 3.33(0.35) 3.73(0.39)
(0.29)
Sex
Male 47.11 48.97 (0.80) 46.38 (0.55) 47.92 (0.59) 43.57 (0.92)
(0.47)
Female 52.89 51.03 (0.80) 53.62 (0.55) 52.08 (0.59) 56.43 (0.92)
(0.47)
Race/ethnicity
Non-Hispanic White 73.60 72.76 (1.78) 79.48 (1.09) 80.75 (1.53) 42.42 (2.30)
(1.35)
Non-Hispanic Black 12.29 12.23(0.78) 9.83(0.61) 7.41 (0.69) 33.52 (2.07)
(0.74)
Mexican-American 5.62 5.23(0.46) 4.55(0.37) 4.02 (0.46) 12.59 (1.06)
(0.48)
Other 8.49 9.78 (1.36) 6.14 (0.66) 7.81(1.09) 11.48 (1.72)
(0.93)
Poverty income ratio
Below Poverty 12.75 16.52 (1.05) 8.56 (0.69) 8.77 (0.83) 30.62 (1.86)
(0.90)
>Poverty 87.25 83.48 (1.05) 91.44 (0.69) 91.23(0.83) 69.38 (1.86)
(0.90)
Education
<High school 11.09 14.34 (0.86) 8.94 (0.55) 8.43 (0.61) 22.67 (1.11)
(0.61)
Some high school 14.76 18.00 (0.81) 12.86 (0.71) 13.17 (0.68) 21.66 (0.90)
(0.60)
High school grad 32.83 36.08 (0.93) 32.84 (0.95) 33.04 (0.99) 31.91(1.48)
(0.83)
At least some college 41.32 31.58 (1.40) 45.36 (1.47) 45.36 (1.38) 23.76 (1.29)
(1.27)

Length of residence in current
neighborhood

Whole life 26.78 27.33(1.03) 27.73 (1.36) 25.60 (1.28) 31.92 (1.35)
(1.14)

>20 years 26.64 24.33(1.16) 27.93(0.87) 26.60 (1.00) 26.83 (1.45)
(0.89)

(Continued)
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Table 1. (Continued)

Age

11-20 years
5-10years
3—4 years
1-2 years

doi:10.1371/journal.pone.0173370.t001

Total Social isolation
(SNI=0,1)
% (SE) % (SE)

15.63 14.87 (0.86)
(0.72)
14.62 15.24 (0.95)
(0.76)

7.60 8.29 (0.77)
(0.48)

8.73 9.93(0.70)
(0.59)

Social integration
(SNI =2-4)

% (SE)
16.21 (0.76)

13.84 (0.76)
6.62 (0.58)

7.67 (0.66)

Neighborhood
poverty < 20%

% (SE)
16.15 (0.83)

15.24 (0.84)
7.60 (0.53)

8.81(0.57)

Neighborhood poverty

>20%
% (SE)
13.35 (1.03)

11.92 (0.97)
7.61 (1.00)

8.36 (1.45)

The hazard ratio for the joint effects model of social isolation and high neighborhood pov-
erty (HR 1.15; 95% CI 0.79, 1.69) did not reflect the hypothesis that the joint effect of these fac-
tors would further increase cancer mortality risk (Table 3). This finding was confirmed in the
model stratified by neighborhood poverty where the risk associated with social isolation was
essentially null among those residing in high poverty neighborhoods (HR 1.06, 95% CI 0.75,

Table 2. Cox proportional hazards models of the associations between social network index and neighborhood poverty with cancer mortality.
Model 3°

Overall sample

Social Network Index”
Social isolation (SNI =0, 1)
Social integration (SNI = 2—4)
Neighborhood poverty™
<20%
>20%
Among males only
Social Network Index”
Social isolation (SNI =0, 1)
Social integration (SNI = 2—4)
Neighborhood poverty *
<20%
>20%
Among females only
Social Network Index”
Social isolation (SNI =0, 1)
Social integration (SNI = 2-4)
Neighborhood poverty™™
<20%
>20%

Model 12
HR (95% Cl) P
N=15135 0.791

0.97 (0.79, 1.20)
1.00 (referent)
N =16 044
1.00 (referent)
1.16 (0.97, 1.39)

0.093

N =6989
0.82 (0.60, 1.12)
1.00 (referent)
N =7444
1.00 (referent)
1.22 (0.97, 1.54)

0.209

0.094

N =8146 0.401
1.13(0.85, 1.51)
1.00 (referent)
N = 8600
1.00 (referent)
1.12 (0.85, 1.47)

0.419

Model 2°

HR (95% CI)
N=15135
1.25(1.01, 1.54)
1.00 (referent)
N =16 044
1.00 (referent)
1.31(1.08, 1.60)

N = 6989
1.24 (0.94, 1.64)
1.00 (referent)
N = 7444
1.00 (referent)
1.21(0.93, 1.56)

N =8146
1.32(0.96, 1.83)
1.00 (referent)
N = 8600
1.00 (referent)
1.39 (1.04, 1.86)

NOTE: Unweighted N for each model differs due to some missing data for some covariates.
* These HRs represent proportional hazards models where the only main effect was social network integration (does not include neighborhood poverty)
** These HRs represent proportional hazards models where the only main effect was neighborhood poverty (does not include social network index).

@ Unadjusted (crude) model.

® Adjusted for age, sex, and race/ethnicity.
¢ Adjusted for individual socioeconomic status (poverty income ratio and education).

doi:10.1371/journal.pone.0173370.1002

P HR (95% Cl)
0.039 N =13499
1.15(0.92, 1.43)

1.00 (referent)
N =14270
1.00 (referent)
1.04 (0.84, 1.33)

0.007

0.118 N =6278
1.13(0.85, 1.50)
1.00 (referent)
N = 6669
1.00 (referent)

0.99 (0.76, 1.30)

0.145

0.090 N = 7221
1.23(0.87,1.73)
1.00 (referent)
N = 7601
1.00 (referent)

1.09 (0.76, 1.58)

0.025

P
0.207

0.73

0.399

0.947

0.235

0.630
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Fig 1. Sex-stratified hazard ratios (HR) of the effects of Social Network Index (A) and Neighborhood Poverty (B) on cancer mortality. In
model 1, the HRs are unadjusted, in model 2 they are adjusted for race/ethnicity and age, and in model 3 they are adjusted for race/
ethnicity, age, education, and poverty income ratio. The error bars represent the 95% confidence intervals around each HR.

doi:10.1371/journal.pone.0173370.9001

1.51) as well as those residing in low poverty neighborhoods (HR 1.16, 95% CI 0.91, 1.48). This
finding suggests that social isolation does not have a synergistic effect on the relationship
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Table 3. Cox proportional regression models of the joint effects of and social network index and
neighborhood poverty on cancer mortality (unweighted N = 13 499)

Overall sample Social integration Social isolation Social isolation by

SNI=2-4 SNI=0,1 strata of
( ) ¢ ) neighborhood poverty

HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Neighborhood poverty <20% 1.00 (referent) 1.17 (0.92, 1.50) | 0.202 | 1.16 (0.91, 1.48) | 0.227
Neighborhood poverty >20% | 1.10 (0.88, 1.38) | 0.406 | 1.15 (0.79, 1.69) | 0.451 | 1.06 (0.75, 1.51) | 0.732
Among males only
Neighborhood poverty <20% 1.00 (referent) 1.10(0.78, 1.55) | 0.573 | 1.08 (0.77, 1.52) | 0.631
Neighborhood poverty >20% | 0.92 (0.63, 1.36) | 0.675 | 1.16 (0.81, 1.66) | 0.419 | 1.35(0.86,2.10) | 0.184
Among females only
Neighborhood poverty <20% 1.00 (referent) 1.33(0.91,1.94) | 0.140 | 1.33(0.92,1.92) | 0.129
Neighborhood poverty >20% | 1.31 (0.88, 1.96) | 0.175 | 1.18 (0.65, 2.15) | 0.571 | 0.88 (0.48, 1.62) | 0.676

NOTE: Hazard ratios (HR) are adjusted for age, gender, race/ethnicity, individual poverty income ratio, and
education.

doi:10.1371/journal.pone.0173370.t003

between neighborhood poverty and cancer mortality. Similarly, in the joint effects models
stratified by sex, there was no evidence to support a synergistic effect separately among males
or females. Models were tested that examined possible mediation of neighborhood poverty by
social isolation but did not reveal evidence of this type of relationship.

Discussion

Several studies have shown that social isolation is associated with poorer chronic disease out-
comes and mortality [26, 38, 39, 41-44]. The majority of these studies used measures of social
isolation similar in construct to the one that we have used in the present study. In this study,
however, we observed a null association between social isolation and cancer mortality, in a
multivariable model controlling for age, sex, race/ethnicity, and individual SES. Notably, in a
model that controlled for only age, sex, and race/ethnicity (with no adjustment for SES),
among individuals with social isolation, there was a 25% increased risk of cancer mortality.
Similar to our findings, a meta-analysis of 87 studies [5] demonstrated statistically significant
risk reductions in cancer mortality (approximately 15-25%) among cancer patients with high
levels of perceived social support and larger social networks. Interestingly, findings from the
meta-analysis suggested that the observed risk reductions were weaker among studies that
controlled for SES. One explanation for this is that controlling for race/ethnicity as well as SES
factors (e.g., income, education) is problematic due to the high correlation among these vari-
ables in US populations. Evidence to support this possibility include the minority poverty
hypothesis, which has consistently shown that disparities exist in high concentrations among
low-SES minority populations [22]. While, it was not the aim of this paper to more closely
examine race, the in-depth analysis of social isolation according to jointly classified race and
SES is warranted and should be pursued in future research. Additionally, these low-SES
minority populations may also suffer from low social support or lack of beneficial social net-
works (i.e., those that are of a high quality and/or confer advantageous health effects) [5, 12,
45]. A recent analysis of NHANES III data demonstrated that while high neighborhood pov-
erty was associated with low general social integration (this same SNI measure), it was also
associated with a high number of yearly contacts with neighbors or high within neighborhood
social integration [12]. This association further supports the notion that different types of
social contacts likely have differential impact on health and cancer mortality in particular.
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Another consideration is that our attempt to classify social integration/social isolation may
have been flawed. This variable was assessed using a modified index of four domains [34] and
may not capture the nature and/or quality of the social networks in which individuals are inte-
grated, which may be of greater importance in the relationship with cancer mortality. Further-
more, the SNI may be an outdated measure that may not provide a sensitive assessment of
social isolation or social integration given that modern relationships include intangible interac-
tions (e.g., social media connections), which may differ substantially from interactions deemed
important during the development of the SNI (e.g., church membership, group associations)
[34]. The cross-sectional nature of our exposure variables, including the components of the
SNI, does not take into account the fluctuations in these variables over time or their differential
impact on health over time. Another limitation of our analysis is that prevalent cancer and the
timing of incident cancer within the sample is unknown. We conducted a sensitivity analysis
using self-rated health as a proxy for health at baseline but we understand that this did not fully
address the possibility that the impact of baseline social interactions for those with prevalent
cancer at the time of assessment may be different from that of those who develop cancer later
on in the study. A further limitation could be the inclusion of younger people with lower initial
cancer risk in the analytic sample. We believe that their inclusion may have resulted in an atten-
uation of the effect toward a null association.

This study also observed a null association between neighborhood poverty and cancer
mortality, in contrast to our a priori hypothesis as well as recent national data [22]. Again,
prior to adjustment for individual SES, high neighborhood poverty was associated with a 31%
increased risk when compared to low neighborhood poverty. This risk rose to nearly 40%
when limited to only women. This may be another artifact of the intersection between race/
ethnicity and area-level poverty as mentioned above. Poverty has been shown to be strongly
associated with women’s cancers in particular [46] and thus, this may be what we are seeing
here and, along with the attenuation after adjustment for individual-level SES, possibly a case
of over-adjustment.

Given that neighborhood deprivation may negatively impact general health outcomes, par-
ticularly as a result of material deprivation (e.g., limited access to high-quality resources and
healthcare) as well as through increased exposure to deleterious psychosocial and behavioral
risk, it is thought that neighborhood poverty would also influence components of the cancer
continuum; of these, the present study is particularly interested in the effects on cancer survi-
vorship/mortality, which have not been widely studied to date. It is possible that neighborhood
factors beyond merely deprivation and/or poverty, such as social and built environment, and
other contextual factors, may be associated with cancer survivorship/mortality [13]. Addition-
ally, other factors not considered here, such as access to and utilization of cancer care and
screening services and deleterious behaviors associated with cancer incidence and mortality
(e.g., smoking, alcohol consumption, poor nutrition, obesity) that are associated with poverty
and low SES may be much more important in the context of cancer mortality than neighbor-
hood poverty. Furthermore, this study was limited by the unidimensional measure of neigh-
borhood SES that was used. Although neighborhood poverty is a valid measure of area-level
SES [20, 47], other factors that were not accounted for (such as those described above) may
play an important role which was not captured here [48]. In addition, there is evidence that
neighborhood characteristics as perceived by the individual living within the neighborhood
may better predict some health outcomes than those captured by census-level variables alone
[18, 49-51]. Additional research to improve our understanding of the independent and inter-
action effects of neighborhood SES and additional multidimensional factors on cancer out-
comes, is an important public health priority.
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While we observed no evidence of a significant interaction effect of neighborhood poverty
and social isolation on cancer mortality, our findings suggest that social isolation may be of lit-
tle prognostic importance among residents of high poverty neighborhoods; whereas poverty
and/or other related neighborhood-level factors (particularly in disadvantaged neighbor-
hoods) are more important predictors of worse cancer-related outcomes. This finding was
confirmed in the model stratified by neighborhood poverty, suggesting that the mortality risk
associated with social isolation was null among residents of high poverty neighborhoods. Fur-
thermore, among residents of low poverty neighborhoods, the risk of cancer mortality was
slightly lower.

Conclusion

This analysis of the associations between social isolation, neighborhood poverty, and cancer
mortality suggests that higher social isolation and higher neighborhood poverty are each asso-
ciated with an increased risk of cancer mortality. Although we hypothesized about a joint effect
of these social determinants, there was no evidence in our findings to support this notion.
Understanding the complex pathways through which social and socio-environmental factors
impact health- in particular cancer mortality- is an important step toward understanding can-
cer disparities. Given the limitations associated with the measurements described herein, the
purpose of this study was not to provide a definitive answer on these important issues but to
push this question into the literature with the hope it will be examined further and more rigor-
ously in the future.
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