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A B S T R A C T

Background: The aim of this nationwide follow-up study was to examine whether neighborhood linking social
capital is associated with lung cancer, including incident and mortality cases, after adjustment for individual-
and familial-level factors.
Methods: This follow-up study comprised 2,123,707 men and 2,046,174 women aged 25 years or older in
Sweden. The follow-up period started on January 1, 2002 and proceeded until first incident of lung cancer,
mortality of lung cancer, death from any other cause, emigration or the end of the study period on December 31,
2010. Multilevel logistic regression models (individual-level factors at the first level and neighborhood-level
factors at the second level) were used to calculate odds ratios (ORs) with 95% confidence intervals (95% CIs).
Results: We identified 16,561 lung cancer cases (8422 men and 8139 women) during the follow-up period.
Higher ORs of lung cancer, including incident and mortality cases, were observed in individuals who lived in
neighborhoods with low social capital (men: OR=1.37, 95% CI= 1.27–1.47; women: OR=1.32, 95%
CI=1.23–1.42) than in those living in neighborhoods with high social capital, after adjustment for potential
confounding factors.
Conclusion: The results of this large national cohort study suggest that neighborhood linking social capital has
important independent effects on lung cancer, including incident and mortality cases. These findings indicate
that decision-makers must consider the effect of neighborhood-level factors as well as individual- and familial-
level factors.

1. Introduction

Lung cancer is the leading cause of cancer-related death worldwide,
and in 2012, 1.82 and 1.59 million new lung cancer cases and lung-
cancer-related deaths were observed, respectively [1]. The incidence
and mortality rates of lung cancer vary by region [2]. For example, in
men, the highest incidence rates were noted in Central and Eastern
Europe, whereas the lowest incidence rates were observed in Middle
and Western Africa [2]. In women, the highest incidence rates were
noted in Northern America, whereas the lowest incidence rates were
observed in Middle and Western Africa [2]. Numerous studies have
revealed the risk factors related to lung cancer, including demographic

characteristics (e.g., age, sex, and race) [2–4], lifestyle habits (e.g.,
smoking and physical inactivity) [5,6], health conditions (e.g., chronic
bronchitis, emphysema, pneumonia, and tuberculosis) [7], air pollu-
tants (e.g., diesel exhaust emission and particular matter) [2] and in-
herited susceptibility [8].

During the past decades, the number of studies focusing on the in-
fluences of the social environment on health has been increasing [9].
One important aspect of the social environment is social capital, which
has been frequently operationalized as a collective dimension of society
that is external from an individual [9], and it is established through
social relationships that can improve the efficiency of the society by
facilitating coordinated actions [10]. Szreter and Woolcock described
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three concepts of social capital: bonding, bridging, and linking social
capital [11]. Bonding social capital refers to trusting and cooperative
relations between members of a network who are similar in terms of
social identity (e.g., race/ethnicity), whereas bridging social capital
refers to connections between individuals who are dissimilar with re-
spect to social identity [11–13]. Linking social capital refers to con-
nections between individuals/groups who interact across explicit power
or authority gradients in society [11–13]. Although there is consider-
able evidence of an association between bonding and bridging social
capital and various indicators of health [13–18], few studies have ex-
amined associations between linking social capital and certain health
outcomes, e.g., coronary heart disease [19], poor mental health [20],
poor self-rated health [21], and mortality [22].

To the best of our knowledge, no large-scale cohort study that has
focused on the association between neighborhood linking social capital
and lung cancer using a multilevel framework has been conducted.
Previous studies have suggested the potential mechanisms of the asso-
ciation between social capital and individual health: diffusion of
knowledge on health promotion, maintenance of healthy behavioral
norms (including smoking habits) through informal social control, and
psychological processes that provide affective support [9,13,14]. These
findings from previous studies led to our hypothesis that low linking
social capital may be associated with an increased risk of lung cancer
incidence and mortality. In addition, we examined whether the hy-
pothesized association between linking social capital and lung cancer
remains significant after adjustment for potential confounding factors.

2. Methods

2.1. Data sources

Data used in this study were retrieved from several national regis-
ters that contain information on the entire population of Sweden. The
dataset we used contains nationwide information on parents and their
offspring at the individual and neighborhood level, including compre-
hensive demographic and socio-economic data. The registers used in
the present study were the Total Population Register, the Multi-
Generation Register (1932–2010), the Hospital Discharge Register
(1964–2010), the Cancer Register (1958–2010), the Outpatient Register
(2001–2010), and the National Registry of Causes of Death
(1961–2010), the latter to identify date and cause of death. The
Swedish nationwide population and health care registers have ex-
ceptionally high completeness and validity. Individuals (born between
1932–1977) were tracked using the personal identification numbers,
which are assigned to each resident of Sweden. These identification
numbers were replaced with serial numbers to provide anonymity.

To examine the effect of the exposure (linking social capital at the
neighborhood-level), all individuals were geocoded to their neighbor-
hoods of residence. Small area market statistics (SAMS) were used to
define neighborhoods, which are small administrative areas in Sweden
with an average population of about 1000 residents. The SAMS
boundaries were drawn to include similar types of housing construction
in a neighborhood, which implies that SAMS neighborhoods are com-
paratively homogeneous in terms of socioeconomic structure. A total of
8398 SAMS units were included in the present study. The study period
started on January 1, 2002 and proceeded until first incident of lung
cancer, mortality of lung cancer, death from any other cause, emigra-
tion or the end of the study period on December 31, 2010. During the
follow-up period, there were 117,193 (2.8%) individuals who died from
any other cause, and 52,374 (1.3%) who emigrated from Sweden.
Individuals who had unknown neighborhood information (n=44,915,
1.1%) were excluded.

This study was approved by the ethics committee of Lund
University.

2.2. Predictor variable

We chose to define linking social capital as voting in local govern-
ment elections. According to Lochner et al., civic participation and
engagement is one important aspect of social capital [23] and high
voting rates are related to high levels of civic engagement. Researchers
on civic engagement have divided civic engagement into three cate-
gories: civic, electoral, and political voice [24], where the second ca-
tegory, i.e., electoral, refers to voting. The reason for choosing voting in
local government elections instead of national voting was that this
choice enabled us to include immigrants without Swedish citizenship in
the construction of the neighborhood-level variable. Refugees and im-
migrants born abroad may vote in local government elections after a
minimum of one year’s residence in Sweden. However, voting in na-
tional elections requires Swedish citizenship and the age of 18 years
and older. Participation in voting in local government election is
therefore likely to be a good indicator of linking social capital.

Previous studies conducted in Sweden used voting rates in local
government elections as a proxy of linking social capital [19–22], be-
cause of the devolved nature of the government in Sweden as well as its
stable voting pattern. Voting is not compulsory by law in Sweden. The
number of people voting in national and local government elections has
not been affected by get-out-the-vote campaigns or other actions of
interest groups or political parties. As a result, voting during local
government elections is believed to be a relatively stable variable over
time and thus the participation rates in local government elections can
be considered a good indicator of neighborhood 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 neigh-
borhood who were entitled to vote at baseline (2002). Neighborhoods
were divided into the following three linking social capital groups
based on the proportions of residents who voted: (1) low, (2) inter-
mediate, and (3) high. Group 1 comprised the 20% of neighborhoods
with the lowest proportions of voters (≤74.0%). Group 2 comprised the
60% of neighborhoods with intermediate proportions of voters
(74.1–82.0%), and group 3 comprised the 20% of neighborhoods with
the highest proportions of voters (> 82.0%).

2.3. Outcome variables

The outcome variable was incident (yes/no) and mortality (yes/no)
cases from lung cancer combined into a single variable for the main
analyses. The unit of observation was the individual. We used the
Swedish Cancer Registry to identify the primary diagnoses of lung
cancer in the study population during the study period. This informa-
tion was then linked to the records in the Cause of Death Register to
identify deaths among patients with lung cancer during the same
period. All cancer cases in Sweden must be registered in the Swedish
Cancer Registry. The completeness of cancer registration is currently
close to 100%. Only primary neoplasms of the lung classified according
to the 7th revision of the International 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 162, 163 were
used. The outcome variable of mortality due to lung cancer in the Cause
of Death Register was defined according to ICD-10 (codes C33 and
C34).

2.4. Independent variables

The independent variables were sex, age at the start of the study,
marital status, family income, educational attainment, immigration
status, geographical region, mobility, diagnosis of chronic obstructive
pulmonary disease (COPD), tobacco abuse, alcoholism or alcohol-re-
lated liver disease, and a family history of lung cancer.

Sex: Both men and women were included.
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Age: The participants were 25–78 years at baseline.
Marital status: 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 by Statistics Sweden.
We used this information to determine the distribution of family in-
comes in Sweden, and then used the distribution to calculate empirical
quartiles.

Educational attainment: Classified as the completion of compulsory
school or less (≤ 9 years), practical high school or some theoretical
high school (10–12 years), or theoretical high school and/or college
(> 12 years).

Immigration status: Individuals who were born in (1) Sweden and (2)
outside of Sweden.

Region of residence: Classified as living in a large city, Southern
Sweden, and Northern Sweden.

Mobility: Classified as the length of time lived in the neighborhood,
i.e., < 5 or ≥ 5 years.

Comorbidities: Individuals who had a previous diagnosis of COPD,
which was suspected as an important prognostic factor for lung cancer
and used as a surrogate for smoking, were identified in the Hospital
Registry 15 years before the start of the follow-up period and in the
Out-patient Register as well as during the entire follow-up period, ac-
cordingly (ICD-9, 1987–1996: 490–496; ICD-10, 1997–2010: J40–J49).
The same approach was used to identify individuals with a history of
tobacco abuse or a disorder/registration that is commonly related to
tobacco abuse, the latter marked in italics among the following list of
ICD codes: ICD-10, F17 (Mental and behavioral disorders due to use of
tobacco), T65.2 (Toxic effect of tobacco and nicotine), Z71.6 (Tobacco
abuse counselling), and Z72.0 (Tobacco use); ICD-9, 305.1 (Tobacco
use disorder), 292.0 (Drug withdrawal), 292.1 (Drug-induced psychotic
disorders), 292.2 (Pathological drug intoxication), 292.8 (Other specified
drug-induced mental disorders), 292.9 (Unspecified drug-induced mental
disorder), V15.8 (Other specified personal history presenting hazards to
health), V65.3 (Dietary surveillance and counseling), and V65.8 (Other
reasons for seeking consultation). In the patient registries, COPD and
tobacco abuse were individually linked to the patient’s lung cancer
status. Individuals with a history of alcoholism or alcohol-related liver
disease were identified from the Hospital Registry and Out-patient
Register according to the ICD codes (ICD-9, 291, 303, and 571; ICD-10,
F10 and K70).

Family history of lung cancer: A family history (parents or siblings) of
hospitalization because of lung cancer (1958–2010) or death
(1961–2010) due to lung cancer was defined as yes or no.

2.5. Statistical analyses

We used multilevel (hierarchical) logistic regression models because
it is a good approximation of multilevel Cox proportional hazards
models under conditions such as ours: a large sample size, low in-
cidence rates, risk ratios of moderate size and a relatively short follow-
up [25]. Multilevel (hierarchical) logistic regression models estimate
odds ratios (ORs) and 95% confidence intervals (95% CIs). We per-
formed the multilevel analyses at two levels with the individual-and
family-level variables (i.e., sex, age at the start of the study, marital
status, family income, educational attainment, immigration status,
geographical region, mobility, comorbidities, and family history of lung
cancer) at the first level and the neighborhood-level variable, i.e.,
linking social capital, at the second level.

The analyses were performed using MLwiN version 2.35 (University
of Bristol, Bristol, the UK). Random intercept multilevel logistic re-
gression models were used to allow for the clustering of individuals
within neighborhoods and to estimate the variance in the risk for lung
cancer that is attributable to neighborhood characteristics. This ap-
proach was used to estimate the intraclass correlation coefficient (ICC),
showing the proportion of variance in the outcome attributable to the

differences between individuals in different neighborhoods in contrast
to the differences between individuals within the same neighborhood
[26]. The ICC was estimated by utilizing the latent variable method as
exemplified by

ICC=Vn/(Vn+π2/3),

where Vn is the variance between neighborhoods and π2/3 is the var-
iance between individuals.

The proportion of the second-level variance explained by different
variables was calculated as

VEXPLAINED=(V0−V1)/V0 × 100,

where V0 is the second-level variance in the initial model and V1 is the
second-level variance in the different models.

Parameters were estimated using marginal quasi-likelihood (MQL)
methods.

2.6. Sensitivity analysis

Data used in a sensitivity analysis was obtained from the Swedish
Medical Birth Register (women) and the Military Conscription Register
(men). The Medical Birth Register includes data on smoking habits
based on medical records from maternity clinics and the Military
Conscription Register includes data on smoking habits from a struc-
tured and standardized medical assessment of Swedish men. Smoking
habits were assessed by the number of cigarettes per day. The study
period started on January 1, 2002 and proceeded until first incident of
lung cancer, mortality of lung cancer, death from any other cause,
emigration or the end of the study period on December 31, 2010. The
initial population for the women and men was 57,953 and 43,997,
respectively.

3. Results

Table 1 shows the population distribution and number of lung
cancer incident and mortality cases. Of the total population, 21%, 58%,
and 21% lived in neighborhoods characterized by low, intermediate,
and high linking social capital, respectively. A total of 16,561 lung
cancer cases were identified during the follow-up period.

Table 2 shows the ORs with 95% CIs for the association between
linking social capital and lung cancer, including incident and mortality
cases, in men. A gradient was observed between linking social capital
and lung cancer, as individuals living in neighborhoods with low
linking social capital were more likely to have lung cancer compared
with those living in neighborhoods with high linking social capital
(Model 1: OR=1.47; 95% CI=1.37–1.57). Individuals living in
neighborhoods with intermediate linking social capital were also more
likely to have lung cancer (Model 1: OR=1.17; 95% CI=1.10–1.25).
After adjustment for potential confounders, the OR of individuals with
lung cancer who were living in neighborhoods with low linking social
capital decreased to 1.37 (95% CI= 1.27–1.47) but remained sig-
nificant (Model 4). The OR of individuals living in neighborhoods with
intermediate linking social capital also remained significant (Model 4:
OR=1.17; 95% CI= 1.09–1.24). Significant associations were ob-
served between the individual- and familial-level variables and the ORs
of individuals with lung cancer.

Table 3 shows the association between linking social capital and
lung cancer, including incident and mortality cases, in women. Similar
patterns were observed as in men, as women living in neighborhoods
with low linking social capital were more likely to have lung cancer
compared with those living in neighborhoods with high linking social
capital (Model 1: OR=1.61; 95% CI=1.50–1.73). Individuals living
in neighborhoods with intermediate linking social capital were also
more likely to have lung cancer (Model 1: OR=1.17; 95%
CI= 1.10–1.24). After adjusting for potential confounders, the OR of
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individuals with lung cancer in neighborhoods with low linking social
capital decreased to 1.32 (95% CI=1.23–1.42) but remained sig-
nificant (Model 4). The ORs of individuals living in neighborhoods with
intermediate linking social capital also remained significant (Model 4:
OR=1.10; 95% CI= 1.03–1.17). There were several significant asso-
ciations between the individual- and familial-level variables and the
ORs of being lung cancer.

We explored lung cancer incident cases and mortality cases sepa-
rately; results were similar (Supplementary Table 1). We also used
parameter penalized quasi-likelihood (PQL) methods in separate ana-
lyses based on sex and the results were similar to when using MQL
methods (Supplementary Table 2).

To explore whether the effect of linking social capital remains sig-
nificant after adjustment for smoking history, we ran a sensitivity
analysis using data from the Military Conscription Register and the
Swedish Medical Birth Register and the results were almost identical. In
the full model, individuals living in neighborhoods with low linking
social capital were more likely to have lung cancer compared with those
living in neighborhoods with high linking social capital (Supplementary
Table 3: OR=1.44; 95% CI=1.03–2.03).

4. Discussion

The main finding of this study is that the ORs for lung cancer in-
cidence and mortality was higher for both men and women in neigh-
borhoods with low linking social capital and after the inclusion of the
individual- and familial-level factors. In addition, the crude OR implies
that individuals exposed to low social capital have an increased risk of
developing lung cancer (47% of men and 61% of women). The crude
OR is often important for decisions concerning the distribution of
health care resources, whereas the adjusted ORs are significant in de-
termining potential mechanisms.

This is the first study that elucidates the association between social
capital and lung cancer, because previous studies used overall cancer
mortality rather than cause-specific cancer mortality, such as lung
cancer as an outcome variable. For example, a previous study from the
US found no association between neighborhood social capital and
neighborhood cancer mortality [23]. A study from New Zealand also
found that social capital was not associated with cancer mortality [27].
Thus, our results were not directly comparable to those of other studies.
Rather, our findings extend these findings because the present study

Table 1
Distribution of population, number of lung cancer incident and mortality cases, and age-standardized rate (per 1000 population) by linking social capital.

Population Lung cancer cases Rates by
linking social capital

No. (%) No. (%) Low Intermediate High

Total population (%) 4,169,881 894,829 (21%) 2,409,167 (58%) 865,885 (21%)
Total lung cancer cases 16,561 5.0 3.8 3.3
Sex
Male 2,123,707 50.9 8,422 50.9 5.1 3.9 3.2
Female 2,046,174 49.1 8,139 49.1 5.0 3.7 3.3

Age (years)
25–34 999,740 24.0 233 1.4 0.4 0.2 0.2
35–44 1,026,126 24.6 819 4.9 1.2 0.8 0.5
45–54 979,636 23.5 3,284 19.8 4.6 3.3 2.5
55–64 885,980 21.2 8,273 50.0 12.4 9.1 7.3
≥65 278,399 6.7 3,952 23.9 18.1 13.5 12.1

Family income
Low income 1,045,717 25.1 3,364 20.3 5.7 4.4 3.6
Middle-low income 1,040,085 24.9 4,600 27.8 5.8 4.3 3.9
Middle-high income 1,042,332 25.0 4,691 28.3 4.8 3.9 3.5
High income 1,041,747 25.0 3,906 23.6 3.8 3.2 2.8

Marital status
Married/cohabiting 2,015,007 48.3 8,517 51.4 4.0 3.2 3.0
Never married, widowed, or divorced 2,154,874 51.7 8,044 48.6 6.0 4.8 4.0

Educational attainment
≤9 years 835,458 20.0 6,919 41.8 6.6 5.1 4.5
10–12 years 1,365,442 32.7 5,487 33.1 5.2 4.0 3.8
>12 years 1,968,981 47.2 4,155 25.1 3.2 2.7 2.4

Immigrant status
Sweden 4,065,672 97.5 16,388 99.0 5.1 3.9 3.3
Other countries 104,209 2.5 173 1.0 3.2 2.2 1.9

Region of residence
Large cities 2,021,860 48.5 8,525 51.5 5.9 4.4 3.4
Southern Sweden 1,435,769 34.4 5,644 34.1 4.7 3.7 3.3
Northern Sweden 712,252 17.1 2,392 14.4 3.5 3.0 2.6

Mobility
Not moved 2,982,094 71.5 13,597 82.1 4.8 3.7 3.2
Moved 1,187,787 28.5 2,964 17.9 5.9 4.3 3.8

Hospitalization of chronic lower respiratory disease
No 4,033,313 96.7 13,457 81.3 4.2 3.3 2.8
Yes 136,568 3.3 3,104 18.7 18.1 15.5 14.5

Hospitalization of alcoholism and related liver disease
No 4,055,023 97.2 15,243 92.0 4.7 3.7 3.2
Yes 114,858 2.8 1,318 8.0 11.4 9.7 8.4

Tobacco abuse
No 4,151,093 99.5 16,034 96.8 4.9 3.7 3.2
Yes 18,788 0.5 527 3.2 23.4 23.0 26.1

Family history of lung cancer
No 3,946,261 94.6 14,425 87.1 4.7 3.6 3.0
Yes 223,620 5.4 2,136 12.9 9.6 7.5 6.9
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Table 2
Odds ratios (OR) and 95% confidence intervals (CI) for lung cancer, including incident and mortality cases, in men: Results of multi-level logistic regression models.

Model 1 Model 2 Model 3 Model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI P-value

Linking social capital (ref. high)
Low 1.47 1.37 1.57 1.73 1.61 1.86 1.44 1.34 1.55 1.37 1.27 1.47 < 0.001
Intermediate 1.17 1.10 1.25 1.27 1.19 1.36 1.18 1.11 1.26 1.17 1.09 1.24 < 0.001

Age 1.12 1.11 1.12 1.12 1.12 1.12 1.11 1.11 1.11 < 0.001
Family income (ref. high income)
Middle-high income 1.21 1.14 1.28 1.16 1.09 1.24 < 0.001
Middle-low income 1.20 1.12 1.27 1.11 1.04 1.18 0.001
Low income 1.29 1.21 1.38 1.19 1.11 1.27 < 0.001

Marital status (ref. married/cohabiting)
Never married, widowed, or divorced 1.47 1.40 1.53 1.35 1.29 1.42 < 0.001

Immigrant status (ref. born in Sweden) 0.64 0.52 0.79 0.64 0.52 0.79 < 0.001
Education attainment (ref. > 12 years)
≤9 years 1.58 1.49 1.67 1.52 1.44 1.61 < 0.001
10–12 years 1.41 1.33 1.49 1.35 1.27 1.43 < 0.001

Region of residence (ref. large cities)
Southern Sweden 0.79 0.75 0.83 0.81 0.77 0.85 < 0.001
Northern Sweden 0.59 0.55 0.63 0.62 0.57 0.66 < 0.001

Mobility (ref. not moved) 1.15 1.08 1.22 1.08 1.02 1.15 < 0.001
Family history (ref. no) 1.99 1.86 2.13 1.91 1.78 2.04 < 0.001
Hospitalization of chronic lower respiratory disease (ref. no) 3.52 3.31 3.74 < 0.001
Hospitalization from alcoholism and alcohol-related liver disease (ref. no) 1.65 1.53 1.78 < 0.001
Tobacco abuse (ref. no) 3.83 3.37 4.36 < 0.001
Variance (S.E.) 0.093 (0.014) 0.127 (0.015) 0.075 (0.014) 0.069 (0.014)
Explained variance (%) 18 −12 34 39
Intra class correlation 0.027 0.037 0.022 0.021

Model 1: crude model.
Model 2: adjusted for age and sex.
Model 3: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, and family history.
Model 4: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, mobility, family history, and comorbidities.

Table 3
Odds ratios (OR) and 95% confidence intervals (CI) for lung cancer, including incident and mortality cases, in women: Results of multi-level logistic regression
models.

Model 1 Model 2 Model 3 Model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI P-value

Linking social capital (ref. high)
Low 1.61 1.50 1.73 1.66 1.55 1.78 1.41 1.31 1.51 1.32 1.23 1.42 < 0.001
Intermediate 1.17 1.10 1.24 1.19 1.12 1.27 1.12 1.05 1.19 1.10 1.03 1.17 0.004

Age 1.10 1.10 1.10 1.09 1.09 1.10 1.09 1.09 1.09 < 0.001
Family income (ref. high income)
Middle-high income 1.05 0.98 1.11 1.02 0.96 1.08 0.549
Middle-low income 1.04 0.98 1.11 0.96 0.90 1.03 0.230
Low income 0.87 0.81 0.93 0.81 0.76 0.87 < 0.001

Marital status (ref. married/cohabiting)
Never married, widowed, or divorced 1.39 1.33 1.46 1.29 1.23 1.34 < 0.001

Immigrant status (ref. born in Sweden) 0.58 0.47 0.73 0.59 0.47 0.73 < 0.001
Education attainment (ref. > 12 years)
≤9 years 1.97 1.85 2.10 1.85 1.74 1.97 < 0.001
10–12 years 1.69 1.59 1.80 1.61 1.52 1.71 < 0.001

Region of residence (ref. large cities)
Southern Sweden 0.87 0.82 0.91 0.90 0.85 0.94 < 0.001
Northern Sweden 0.72 0.68 0.77 0.76 0.71 0.81 < 0.001

Mobility (ref. not moved) 1.12 1.06 1.19 1.06 1.00 1.13 0.036
Family history (ref. no) 2.23 2.09 2.38 2.13 1.99 2.27 < 0.001
Hospitalization of chronic lower respiratory disease (ref. no) 4.06 3.83 4.30 < 0.001
Hospitalization of alcoholism and related liver disease (ref. no) 2.19 1.97 2.42 < 0.001
Tobacco abuse (ref. no) 3.70 3.24 4.23 < 0.001
Variance (S.E.) 0.087 (0.014) 0.086 (0.014) 0.049 (0.013) 0.042 (0.013)
Explained variance (%) 29 30 60 66
Intra class correlation 0.026 0.025 0.015 0.013

Model 1: crude model.
Model 2: adjusted for age and sex.
Model 3: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, and family history.
Model 4: adjusted for age, sex, family income, marital status, country of birth, education, region of residence, mobility, family history, and comorbidities.
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focused on specific cancer, i.e., lung cancer, and showed significant
associations with social capital. For a better understanding of the as-
sociation between social capital and cancer, we recommend that future
studies should focus on specific diagnosis of cancer and use adjustment
variables that are appropriate confounders for each type of cancer.

The causal inferences between linking social capital and lung cancer
are not fully understood, and several possible mechanisms could have
affected our findings. Psychological distress could be a possible med-
iator between linking social capital and lung cancer. Previous studies
have suggested that lower social capital is associated with psycholo-
gical distress [28,29]. Our results could also be affected by differences
in the accessibility to healthcare facilities. However, our research group
performed a nationwide study and found that underserved neighbor-
hoods had better access to all type of resources, including pharmacies/
drug stores, public hospitals, health care centers, and dentists, which
suggests that neighborhood differences in health in Sweden are not
explained by a lack of health resources [30]. Linking social capital may
reflect how well the society is organized at the neighborhood level. One
possible explanation for our results is therefore that individuals living
in neighborhoods with higher linking social capital have the capability
to maintain social order, that is, to step in and intervene when they
witness deviant behavior of other people [9]. Although this theory
originated in criminology to explain community variations in the oc-
currence of vandalism, it is equally applicable and relevant to the
prevention of underage smoking, drinking or drug abuse [9,31]. An-
other possible explanation is that individuals living in neighborhoods
with higher linking social capital could spread health-related informa-
tion as well as good health-related behavior more quickly owing to
well-functioning networks of people within the neighborhood [9]. For
example, previous research conducted in the United States found that
smoking cessation was triggered by the behavior of others, i.e., groups
of interconnected people may stop smoking in concert, and smokers are
increasingly marginalized socially [32]. Further studies are needed to
examine these mechanisms through assessing the relationship of re-
sidents within neighborhoods.

The present study has some limitations. First, the study used linking
social capital measured by neighborhood voting rates as a way to
simplify this multidimensional concept. However, a consensus has not
yet been established as to which proxy of social capital is the most
valid. Second, our results could be influenced by other unmeasured
confounders, such as smoking history. However, our analyses included
tobacco abuse and hospitalization of chronic lower respiratory disease
as an attempt to adjust for smoking history. In addition, the results of
the sensitive analysis that included smoking history showed similar
associations. Third, the Modifiable Area Unit Problem has previously
been acknowledged as a potential limitation when using aggregated
data [33]. However, the SAMS boundaries in our study were drawn to
include similar types of buildings in a defined geographic unit, which
implies that SAMS neighborhoods are comparatively homogeneous in
terms of socioeconomic structure.

The present study also has key strengths. First, this is the first large-
scale multilevel study that examined the potential effect of linking so-
cial capital on lung cancer, after adjustment for a comprehensive set of
individual- and familial-level factors as well as family history of lung
cancer. Second, our study was based on the entire Swedish population,
with a total of 2,123,707 men and 2,046,174 women living in 8398
small neighborhoods, each with around 1000 residents. The use of
small neighborhoods is advantageous to examine the effect of social
capital on health outcome according to the review on social capital
[34]. Third, our outcome variable (lung cancer) and exposure variable
(linking social capital) were obtained from different sources, which
eliminate spurious associations due to same-source bias. Finally, the
prospective design of our study is more likely to reflect causality than a
cross-sectional or retrospective design when used in evaluating the ef-
fect of an exposure, which is the level of neighborhood linking social
capital.

Authorship contribution statement

TH, XL, JS, KS worked on conception of the study; XL analysed the
data; TH, XL, JS, KS contributed to the interpretation of the data; TH
drafted the paper; XL, JS, KS worked on further drafting and revising
the paper critically. All authors read and approved the final manuscript.

Conflict of interest

None.

Funding

This research was supported by grants from the Swedish Research
Council and ALF Region Skåne, Sweden to Kristina Sundquist and Jan
Sundquist. This research was also supported by MEXT KAKENHI to
Tsuyoshi Hamano (grant Number: 18K11143). Funding sources had no
involvement in the study design, collection, analysis, and interpretation
of data, and in the preparation of the manuscript.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.canep.2019.05.005.

References

[1] T.D. Cheng, S.M. Cramb, P.D. Baade, D.R. Youlden, C. Nwogu, M.E. Reid, The in-
ternational epidemiology of lung cancer: latest trends, disparities, and tumor
characteristics, J. Thorac. Oncol. 11 (2016) 1653–1671.

[2] M.J. Thun, S.J. Henley, W.D. Travis, Lung cancer, in: M.J. Thun, M.S. Linet,
J.R. Cerhan, C.A. Haiman, D. Schottenfeld (Eds.), Cancer Epidemiology and
Prevention, fourth edition, Oxford University Press, New York, 2018, pp. 519–541.

[3] N.D. Freedman, M.F. Leitzmann, A.R. Hollenbeck, A. Schatzkin, C.C. Abnet,
Cigarette smoking and subsequent risk of lung cancer in men and women: analysis
of a prospective cohort study, Lancet Oncol. 9 (2008) 649–656.

[4] J.O. DeLancey, M.J. Thun, A. Jemal, E.M. Ward, Recent trends in Black-White
disparities in cancer mortality, Cancer Epidemiol. Biomarkers Prev. 7 (2008)
2908–2912.

[5] M.J. Thun, B.D. Carter, D. Feskanich, N.D. Freedman, R. Prentice, A.D. Lopez, et al.,
50-year trends in smoking-related mortality in the United States, N. Engl. J. Med.
368 (2013) 351–364.

[6] D.R. Brenner, D.H. Yannitsos, M.S. Farris, M. Johansson, C.M. Friedenreich, Leisure-
time physical activity and lung cancer risk: a systematic review and meta-analysis,
Lung Cancer 95 (2016) 17–27.

[7] D.R. Brenner, P. Boffetta, E.J. Duell, H. Bickeböller, A. Rosenberger, V. McCormack,
et al., Previous lung diseases and lung cancer risk: a pooled analysis from the
International Lung Cancer consortium, Am. J. Epidemiol. 176 (2012) 573–585.

[8] I.A. Yang, J.W. Holloway, K.M. Fong, Genetic susceptibility to lung cancer and co-
morbidities, J. Thorac. Dis. 5 (2013) S454–462.

[9] I. Kawachi, L.F. Berkman, Social capital, social cohesion, and health, in:
L.F. Berkman, I. Kawachi, M.M. Glymour (Eds.), Social Epidemiology, Oxford
University Press, New York, 2014, pp. 290–315.

[10] R. Putnam, Making Democracy Work, Princeton University Press, Princeton, 1993.
[11] S. Szreter, M. Woolcock, Health by association? Social capital, social theory, and the

political economy of public health, Int. J. Epidemiol. 33 (2004) 650–667.
[12] I. Kawachi, Commentary: social capital and health: making the connections one step

at a time, Int. J. Epidemiol. 35 (2006) 989–993.
[13] H. Murayama, Y. Fujiwara, I. Kawachi, Social capital and health: a review of pro-

spective multilevel studies, J. Epidemiol. 22 (2012) 179–187.
[14] E. Carrillo-Álvarez, I. Kawachi, J. Riera-Romaní, Neighbourhood social capital and

obesity: a systematic review of the literature, Obes. Rev. 20 (2019) 119–141.
[15] F. Nyqvist, B. Pape, T. Pellfolk, A.K. Forsman, K. Wahlbeck, Structural and cognitive

aspects of social capital and all-cause mortality: a meta-analysis of cohort studies,
Soc. Indic. Res. 116 (2014) 545–566.

[16] F. Hu, B. Hu, R. Chen, Y. Ma, L. Niu, X. Qin, et al., A systematic review of social
capital and chronic non-communicable diseases, Biosci. Trends 8 (2014) 290–296.

[17] M. Choi, M. Mesa-Frias, E. Nuesch, J. Hargreaves, D. Prieto-Merino, A. Bowling,
et al., Social capital, mortality, cardiovascular events and cancer: a systematic re-
view of prospective studies, Int. J. Epidemiol. 43 (2014) 1895–1920.

[18] D. Kim, S.V. Subramanian, I. Kawachi, Social capital and physical health: a sys-
tematic review of literature, in: I. Kawachi, S.V. Subramanian, D. Kim (Eds.), Social
Capital and Health, Springer, New York, 2008, pp. 139–190.

[19] J. Sundquist, S.E. Johansson, M. Yang, K. Sundquist, Low linking social capital as a
predictor of coronary heart disease in Sweden: a cohort study of 2.8 million people,
Soc. Sci. Med. 62 (2006) 954–963.

[20] J. Sundquist, T. Hamano, X. Li, N. Kawakami, K. Shiwaku, K. Sundquist,

T. Hamano, et al. Cancer Epidemiology 61 (2019) 23–29

28

https://doi.org/10.1016/j.canep.2019.05.005
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0005
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0005
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0005
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0010
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0010
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0010
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0015
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0015
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0015
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0020
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0020
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0020
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0025
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0025
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0025
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0030
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0030
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0030
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0035
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0035
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0035
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0040
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0040
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0045
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0045
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0045
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0050
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0055
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0055
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0060
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0060
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0065
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0065
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0070
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0070
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0075
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0075
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0075
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0080
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0080
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0085
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0085
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0085
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0090
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0090
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0090
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0095
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0095
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0095
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0100


Neighborhood linking social capital as a predictor of psychiatric medication pre-
scription in the elderly: a Swedish national cohort study, J. Psychiatr. Res. 55
(2014) 44–51.

[21] K. Sundquist, M. Yang, Linking social capital and self-rated health: a multilevel
analysis of 11,175 men and women in Sweden, Health Place 13 (2007) 324–334.

[22] K. Sundquist, T. Hamano, X. Li, N. Kawakami, K. Shiwaku, J. Sundquist, Linking
social capital and mortality in the elderly: a Swedish national cohort study, Exp.
Gerontol. 55 (2014) 29–36.

[23] K.A. Lochner, I. Kawachi, R.T. Brennan, S.L. Buka, Social capital and neighborhood
mortality rates in Chicago, Soc. Sci. Med. 56 (2003) 1797–1805.

[24] S. Keeter, C. Zukin, M. Andolina, K. Jenkins, The Civic and Political Health of the
Nation: a Generational Portrait, Center for Information & Research on Civic
Learning and Engagement, College Park, 2002.

[25] P.W. Callas, H. Pastides, D.W. Hosmer, Empirical comparisons of proportional ha-
zards, poisson, and logistic regression modeling of occupational cohort data, Am. J.
Ind. Med. 33 (1998) 33–47.

[26] T. Snijders, R. Bosker, Multilevel Analysis: An Introduction to Basic and Advanced
Multilevel Modeling, SAGE Publications Inc., Thousand Oaks, 1999.

[27] T. Blakely, J. Atkinson, V. Ivory, S. Collings, J. Wilton, P. Howden-Chapman, No

association of neighbourhood volunteerism with mortality in New Zealand: a na-
tional multilevel cohort study, Int. J. Epidemiol. 35 (2006) 981–989.

[28] T. Hamano, M. Yamasaki, Y. Fujisawa, K. Ito, T. Nabika, K. Shiwaku, Social capital
and psychological distress of elderly in Japanese rural communities, Stress Health
27 (2011) 163–169.

[29] T. Kobayashi, E. Suzuki, M. Noguchi, I. Kawachi, S. Takao, Community-level social
capital and psychological distress among the elderly in Japan: a population-based
study, PLoS One 10 (2015) e0142629.

[30] N. Kawakami, M. Winkleby, L. Skog, R. Szulkin, K. Sundquist, Differences in
neighborhood accessibility to health-related resources: a nationwide comparison
between deprived and affluent neighborhoods in Sweden, Health Place 17 (2011)
132–139.

[31] R.J. Sampson, S.W. Raudenbush, F. Earls, Neighborhoods and violent crime: a
multilevel study of collective efficacy, Science. 64 (1997) 918–924.

[32] N.A. Christakis, J.H. Fowler, The collective dynamics of smoking in a large social
network, N. Engl. J. Med. 358 (2008) 2249–2258.

[33] S. Openshaw, The Modifiable Areal Unit Problem, Geo Books, Norwick, 1983.
[34] R. Whitley, K. McKenzie, Social capital and psychiatry: review of the literature,

Harv. Rev. Psychiatry 13 (2005) 71–84.

T. Hamano, et al. Cancer Epidemiology 61 (2019) 23–29

29

http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0100
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0100
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0100
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0105
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0105
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0110
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0110
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0110
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0115
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0115
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0120
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0120
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0120
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0125
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0125
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0125
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0130
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0130
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0135
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0135
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0135
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0140
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0140
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0140
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0145
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0145
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0145
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0150
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0150
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0150
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0150
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0155
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0155
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0160
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0160
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0165
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0170
http://refhub.elsevier.com/S1877-7821(18)30492-2/sbref0170

	Neighborhood linking social capital as a predictor of lung cancer: A Swedish national cohort study
	Introduction
	Methods
	Data sources
	Predictor variable
	Outcome variables
	Independent variables
	Statistical analyses
	Sensitivity analysis

	Results
	Discussion
	Authorship contribution statement
	Conflict of interest
	Funding
	Supplementary data
	References




