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Abstract

Background There is a growing interest in the contextual effect of neighborhood linking social capital on different health
outcomes, including cancer.

Aims To examine associations between neighborhood linking social capital and incidence and mortality of prostate cancer.
Method This cohort study was based on national registers. Between 2002 and 2015, we included 1,196,563 men aged
50 years and above in the analyses. Multilevel logistic regression was used to estimate odds ratios (ORs) and 95% confidence
intervals (CI) for the association between exposure and outcome, adjusting for potential confounding factors.

Results The total incidence of prostate cancer and mortality in patients with prostate cancer were 8.22 (per 100) and 1.80 (per
100), respectively, during the follow-up period. Individuals living in neighborhoods with low (OR 0.90; 95% CI 0.88-0.93)
and intermediate (OR 0.94; 95% CI 0.92-0.96) linking social capital were less likely to be diagnosed with prostate cancer than
those living in neighborhoods with high linking social capital. Opposite effects were observed for mortality; prostate cancer
patients living in neighborhoods with low (OR 1.15; 95% CI 1.08-1.23) and intermediate (OR 1.09; 95% CI 1.03-1.14) link-
ing social capital were more likely to die from prostate cancer than those in neighborhoods with high linking social capital.
Conclusions Lower neighborhood linking social capital was associated with lower incidence but higher mortality in patients
with prostate cancer. These findings suggest that men living in neighborhoods with low linking social capital may need
additional surveillance for prostate cancer.
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Introduction respectively [1]. Although several risk factors for the devel-

opment and progression of prostate cancer has been identi-

Prostate cancer is a very common type of cancer in the
male population. In 2018, the global number of cases and
deaths from prostate cancer were 1,276,106 and 358,989,
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fied, such as family history and genetic factors [2], advanced
age [2], and ethnicity [2], these factors are not modifiable.
Previous studies have also revealed potential modifiable risk
factors, such as obesity [3], dietary factors [4], and physical
inactivity [5]. Moreover, in recent years, there has been an
increasing interest in the contextual (neighborhood) effect
on prostate cancer [6, 7].

Neighborhood social capital is considered to be a neigh-
borhood feature that may be modifiable and high neigh-
borhood social capital could thus promote good health [8]
and potentially reduce social disparities in prostate cancer.
Neighborhood social capital has been frequently operation-
alized as a collective dimension of society that is external
from an individual [8], and it is established through social
relationships that can improve the efficiency of society by
facilitating coordinated actions [9]. Neighborhood social
capital has three perspectives: linking, bonding, and bridging
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social capital [10]. Few studies have examined associations
between low neighborhood linking social capital and can-
cer [11, 12]; in addition, to our knowledge, no large-scale
follow-up study has examined the potential effect of neigh-
borhood linking social capital on prostate cancer.

Several studies have suggested potential mechanisms
relating neighborhood social capital and individual health:
the diffusion of knowledge on health promotion, the main-
tenance of healthy behavioral norms through informal social
control, and psychological processes that provide effective
support [8, 13, 14]. Therefore, we hypothesized that lower
levels of neighborhood linking social capital may be asso-
ciated with a greater incidence of prostate cancer among
Swedish men aged 50 years and older. Besides, we investi-
gated whether lower levels of neighborhood linking social
capital are associated with higher mortality of patients with
prostate cancer.

Methods
Data sources

This cohort study started on January 1, 2002 and proceeded
until the first event of prostate cancer, death from prostate
cancer, death from any other cause, emigration, or the end
of the study period on December 31, 2015.

Data used in this study were retrieved from several
national registers that contain information on the entire
Swedish population. We used datasets containing nationwide
individual and neighborhood information, including compre-
hensive demographic and socioeconomic data. This study
used the Total Population Register, the Hospital Discharge
Register (1964-2015), the Outpatient Register (2001-2015),
the Cancer Register (1958-2015), and the National Registry
of Causes of Death (1961-2015); the latter was used to iden-
tify the date and cause of death. Individuals were tracked
using personal identification numbers, which are assigned
to each resident of Sweden. Each personal identification
number was replaced with a serial number to ensure the
confidentiality of all individuals.

All individuals were geocoded to their neighborhoods
of residence for the assessments of linking social capital,
and small area market statistics (SAMS) were used to define
neighborhoods. The SAMS boundaries, which are small
administrative areas in Sweden with an average population
of about 1000 residents, were drawn to include similar types
of housing construction in a neighborhood. We included
7264 SAMS units in the present study.

We excluded individuals with unknown neighborhood
information (n=5,846, 0.5%) and who were diagnosed with
prostate cancer between January 1, 1999 and December 31,
2001 (n=14,729, 1.2%) in order to “wash out” individuals
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with prevalent prostate cancer. In total, 1,196,563 men
aged > 50 years were included in the analyses.

Neighborhood linking social capital

Linking social capital refers to connections between indi-
viduals/groups who interact across explicit power or author-
ity gradients in society [10, 13, 15]. A recent review found
that linking social capital can be assessed by voting and
trust in legal, political, or government institutions [16]. Sev-
eral studies conducted in Sweden used voting rates in local
government elections as a proxy of neighborhood linking
social capital [11, 12, 17-19]. Voting during local govern-
ment elections is believed to be a relatively stable variable
over time, and the participation rates in local government
elections can be considered a good indicator of neighbor-
hood linking social capital.

Neighborhood linking social capital was conceptualized
as the number of people in the neighborhood (SAMS) who
voted in local government elections divided by the number
of people in the neighborhood who were entitled to vote at
baseline (2002). Neighborhoods were divided into the fol-
lowing three groups based on the proportions of residents
who voted: (1) low, (2) intermediate, and (3) high. Group
1 comprised 20% of the entire Swedish population living
in neighborhoods with the lowest proportions of voters
(£74.0%). Group 2 comprised 60% of the entire Swedish
population living in neighborhoods with intermediate pro-
portions of voters (74.1-82.0%), and group 3 comprised 20%
of the entire Swedish population living in neighborhoods
with the highest proportions of voters (> 82.0%).

Outcome variables

The outcome variables in this study were new cases of
prostate cancer (yes/no) and deaths in patients with prostate
cancer (yes/no), respectively. We used the Swedish Cancer
Registry to identify the primary diagnoses of prostate cancer
in the study population. This information was then linked to
the records in the Cause of Death Register to identify deaths
among patients with prostate cancer during the study period.
All cancer cases in Sweden must be registered in the Swed-
ish Cancer Registry. The completeness of cancer registration
is currently close to 100%. Only primary neoplasms of the
prostate classified according to the 7th revision of the Inter-
national Classification of Diseases (ICD-7) were studied.
The Swedish Cancer Registry has transferred all the cancer
ICD codes into ICD-7 codes; in this study, code 177 was
used. The outcome variable, i.e., mortality due to prostate
cancer in the cause of death register was defined according
to ICD-10 (codes C61).
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Independent variables

The independent variables were age at baseline, marital
status, family income, educational attainment, immigration
status, geographical region of residence, mobility, diagno-
sis of chronic obstructive pulmonary disease (COPD) as a
proxy for smoking, alcoholism or alcohol-related liver dis-
ease, coronary heart disease, hypertension, diabetes, obesity,
and tobacco smoking.

Age
The participants were 50 years and older at baseline.
Marital status

Participants were classified as married/cohabiting or single
(including divorced and widows/widowers).

Family income

Information on family income in 2002 came from the Total
Population Register, which was provided to us by Statistics
Sweden. We used this information to determine the distribu-
tion of family income in Sweden and then used the distribu-
tion to calculate empirical quartiles.

Educational attainment

Participants were classified based on completion of com-
pulsory school or less (<9 years), practical high school or
some theoretical high school (10-12 years), or completed
theoretical high school and/or college (> 12 years).
Immigration status

Individuals were born in or outside Sweden.

Geographical region of residence

Individuals were classified as living in a large city, Southern
Sweden, or Northern Sweden.

Mobility

This variable was defined as the length of time the individu-
als had lived in the neighborhood, i.e., <5 or>5 years).

Comorbidities
Individuals with a history of COPD, which was used as a

proxy for smoking, were identified in the Hospital Regis-
try and Outpatient Register during the follow-up period

according to the corresponding ICD codes (ICD-10,
J40-J49). Individuals with a history of alcoholism or alco-
hol-related liver disease were identified according to ICD-
10, codes F10 and K70. The rest of the comorbidities were
identified as follows: coronary heart disease (ICD-10, 120-
125), diabetes (ICD-10, E10-E14), hypertension (ICD-10
110-119), obesity (ICD-10, E65-E68), and tobacco smoking
(ICD-10, F17,T65.2, 271.6, Z72.0).

Statistical analyses

Multilevel logistic regression models were used to estimate
odds ratios (ORs) with 95% confidence intervals (95% CISs).
In this study, multi-level Cox proportional hazards models
were not used, because the extensive data set was too large
to run on available software. However, multilevel logistic
regression models are a good approximation of Cox pro-
portional hazards models under circumstances such as ours,
i.e., a large sample size, low incidence, risk ratios of moder-
ate size, and a relatively short follow-up [20]. The analyses
were performed using MLwiN version 3.02 (University of
Bristol, Bristol, UK). Random intercept multilevel logistic
regression models were used to allow for the clustering of
individuals within neighborhoods and to estimate the vari-
ance in the risk for prostate cancer that is attributable to
neighborhood characteristics. This approach was used to
estimate the intraclass correlation coefficient (ICC), thereby
determining and comparing the proportion of variance in the
outcome attributable to the differences between the individu-
als in different and same neighborhoods [21]. The ICC was
estimated using the latent variable method as exemplified
by the formula

ICC = V,/(V, + ©*/3),

where V| is the variance between neighborhoods and n%/3 is
the estimated variance between individuals. The proportion
of the second-level variance explained by different variables
was calculated as

Vexpramen = (Vo — Vi)/Ve X 100,

where V) is the second-level variance in the initial model
and V, is the second-level variance in the different models.

Results

The characteristics of the study participants are presented in
Table 1. Among the 1,196,563 Swedish men aged 50 years
and older, the cumulative incidence (per 100) and cumula-
tive mortality (per 100) from prostate cancer were 8.22 (95%
CI 8.17-8.27) and 1.80 (95% CI 1.78-1-83), respectively,
during the follow-up period.
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Table 1 Distribution of prostate

. Events and incidence Number of deaths and mortality
cancer events, cumulative
incidence (per 100), prostate No % 95% CI No % 95% CI
cancer deaths and cumulative
mortality (per 100) of prostate Total population (%) 98,392 822 817 827 21,552 1.80 1.78 1.83
cancer, N=1,196,563 Neighborhood linking social capital
Low 20,384 207 739 729 750 5190 241 188 1.83 193
Intermediate 57,730 58.7 822 815 828 12,779 593 182 179 1.85
High 20,278 20.6 929 9.7 942 3583 166 164 159 1.70
Age (years)
50-59 30,733 312 631 624 638 1686 7.8 035 033 0.36
60-69 35,783 364 10.78 10.67 10.89 4516 21.0 136 132 140
70-79 24300 247 999 986 10.11 9212 427 379 371 386
>80 7576 77 565 552 577 6138 28.5 458 446 4.69
Family income
Low income 21,004 213 7.04 694 713 7935 36.8 266 260 272

Middle-low income 23,955 24.3 8.01 7.91 8.11 6552 304 219 214 224

Middle-high income 25,665 26.1 8.56 8.46 8.67 4036 187 135 130 1.39

High income 27,768 28.2  9.28 9.17 9.39 3029 14.1 1.01 098 1.05
Marital status

Married/cohabiting 70,044 712  9.04 8.97 9.11 14,225 66.0 184 181 1.87

Never married, Wid- 28,348 28.8 6.72 6.64 6.80 7327 340 174 1.70 1.78
owed, or Divorced

Educational attainment

<9 years 41916 426 805 797 812 11,658 541 224 220 2.28

10-12 years 21,629 220 7.87 777 798 4079 189 149 144 1.53

> 12 years 34,847 354 8.69 860 878 5815 270 145 141 149
Immigrant status

Sweden 92,113 936 843 838 848 20367 945 186 184 1.89

Other countries 6279 64 604 590 6.19 1185 55 114 1.08 1.21
Region of residence

Large cities 35,873 365 846 837 854 7300 339 172 1.68 1.76

Southern Sweden 42,361 43.1 8.25 8.18 833 9413 437 1.83 180 1.87
Northern Sweden 20,158 20.5 778  7.67  1.89 4839 225 1.87 181 192

Mobility

<5 years 82,210 836 8.83 877 889 13,647 633 147 144 149

>5 years 16,182 164 6.09 6.00 6.18 7905 367 298 291 3.04
Hospitalization of chronic lower respiratory disease

No 91,431 929 823 817 828 20360 945 183 181 1.86

Yes 6961 7.1 816 797 835 1192 55 140 132 148
Hospitalization of alcoholism and related liver disease

No 96,202 97.8 830 824 835 21,278 987 1.84 181 1.86

Yes 2190 22 590 566 6.15 274 1.3 074 065 0.83
Hospitalization of tobacco smoking

No 97,480 99.1 823 818 829 21453 995 181 179 1.84

Yes 912 09 7.14 6.68 7.61 99 05 078 062 093
Hospitalization of diabetes

No 87,097 885 835 830 841 19262 894 1.85 1.82 1.87

Yes 11,295 115 735 721 748 2290 106 149 143 155
Hospitalization of obesity

No 97,663 993 824 819 829 21490 99.7 181 179 1.84

Yes 729 07 645 598 692 62 03 055 041 0.69
Hospitalization of coronary heart disease

No 77,589 789 822 816 828 17485 8l1.1 185 1.82 1.88
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Table 1 (continued)

Events and incidence

Number of deaths and mortality

No % 95%  CI No % 95% CI
Yes 20,803 21.1 824 813 835 4067 189 1.61 156 1.66
Hospitalization of hypertension
No 66,541 67.6 7.63 757 769 16960 787 195 192 197
Yes 31,851 324 9.8l 970 991 4592 21.3 141 137 145

The association between neighborhood linking social
capital and prostate cancer incidence is presented in Table 2.
A significant association was observed between neighbor-
hood linking social capital and prostate cancer incidence, as
individuals living in neighborhoods with low linking social
capital were less likely to be diagnosed with prostate cancer
than those living in neighborhoods with high linking social
capital, after adjusting for potential confounders (Model 4:
OR 0.90; 95% CI 0.88-0.93). Similarly, individuals living in
neighborhoods with intermediate linking social capital were
also less likely to be diagnosed with prostate cancer (Model
4: OR 0.94; 95% CI1 0.92-0.96).

We also performed additional analyses to examine the
association between neighborhood linking social capital
and screening for malignant prostate neoplasms (Table 3).
After adjusting for potential confounders, individuals liv-
ing in neighborhoods with low linking social capital were
less likely to be screened compared with those living in
neighborhoods with high linking social capital (Model 4:
OR 0.71; 95% CI 0.59-0.86). Similarly, a significant asso-
ciation was observed between intermediate neighborhood
linking social capital and screening for malignant prostate
neoplasms (Model 4: OR 0.82; 95% CI 0.70-0.96).

The association between neighborhood linking social
capital and mortality in patients with prostate cancer is pre-
sented in Table 4. After adjusting for potential confounding
factors, patients with prostate cancer living in neighbor-
hoods with low (Model 4: OR 1.15; 95% CI 1.08-1.23) and
intermediate (Model 4: OR 1.09; 95% CI 1.03-1.14) linking
social capital were more likely to die from prostate cancer
compared with those living in neighborhoods with high link-
ing social capital.

Discussion

We found that low and intermediate levels of neighborhood
linking social capital were associated with lower odds of
prostate cancer incidence than the reference category (high
linking social capital). However, the lower categories of
neighborhood linking social capital were associated with
higher mortality in patients with prostate cancer. These
inconsistent findings could be explained by differences in
health checkup attendance. Our study suggests that those

who lived in neighborhoods with lower social capital could
have been less likely to undergo cancer screening for malig-
nant prostate neoplasms. Thus, the incidence of prostate can-
cer in neighborhoods with lower social capital might have
been an underestimation of the “true” incidence. Therefore,
more efforts may be needed to increase prostate cancer
screening in men living in neighborhoods with lower link-
ing social capital.

Although the causal mechanisms cannot be understood,
several possible explanations behind our findings could be
suggested. One possible explanation is that individuals liv-
ing in higher social capital neighborhoods could encourage
others to take part in health checkups more easily due to
close social networks within such neighborhoods [8]. For
example, a previous study conducted in the United States
found that higher social capital was associated with greater
adherence to clinical breast examination and mammography
screening [22]. In addition, a study conducted in Denmark
found that a higher level of neighborhood social capital was
associated with a higher probability of participating in the
health checkup phase of a population-based lifestyle inter-
vention [23].

Another possible explanation is that individuals living in
higher social capital neighborhoods are more likely to main-
tain social order when they witness deviant behavior [8].
This hypothesis is based on a theory on the occurrence of
vandalism [24] but is equally applicable and relevant to the
prevention of underage smoking and alcoholism [8]. Studies
examining the association between lifestyle-related factors,
such as smoking and alcoholism, and prostate cancer have so
far found inconsistent results [2]; therefore, further analyses
which include interaction terms between social capital and
lifestyle-related factors may be worthwhile.

Our results also showed that lower socioeconomic status
(SES), i.e., income and educational attainment, were associ-
ated with a lower incidence of prostate cancer. A diagnosis
of prostate cancer is highly influenced by the availability of
prostate cancer screening via, e.g., Prostate-Specific Antigen
testing [25]. Considering these results, both lower neighbor-
hood linking social capital and individual SES have inde-
pendent effects on prostate cancer risk; hence, better social
networks among medically underserved populations may be
helpful in preventing prostate cancer in Sweden.
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Our study findings have important implications for further
research on social capital and prostate cancer; nonetheless, it
had some limitations. First, our results could be influenced by
other unmeasured risk factors, such as body mass index (BMI).
However, we attempted to adjust for BMI by analyzing hospi-
talization for obesity. Second, the modifiable area unit prob-
lem has been suggested as a potential limitation when using
aggregated data [26]. However, the SAMS neighborhoods in
our study included similar types of buildings, which imply
that SAMS neighborhoods are comparatively homogeneous
in Sweden. Third, this study did not consider changes of resi-
dence during the follow-up. However, we included mobility
before baseline to reduce possible selection bias.

Our study also has many strengths. This large cohort
included 1,196,563 men aged over 50 years in Sweden, which
increased the generalizability of our results. Moreover, we
could eliminate spurious associations due to same-source bias
because our neighborhood- and individual-level variables were
obtained from different sources. Finally, the prospective design
of this study may, in part, reflect some causality.

Conclusions

Our findings show a lower incidence of and higher mortality
from prostate cancer in neighborhoods with lower levels of
linking social capital in addition to a lower screening. These
findings suggest that improved screening efforts, as well as
better social networks, may be needed in neighborhoods with
lower levels of linking social capital to decrease health dispari-
ties in prostate cancer among men.
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