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Abstract 

Objectives Our objective was to examine the association between neighborhood linking 

social capital (a concept describing the amount of trust between individuals and societal 

institutions) and all-cause and cause-specific mortality in the elderly.  

Design The entire Swedish population aged 65+, a total of 1,517,336 men and women, was 

followed from 1 January 2002 until death, emigration, or the end of the study on 31 

December 2010. Small geographic units were used to define neighborhoods. The definition of 

linking social capital was based on neighborhood voting participation rates, categorized into 

three groups. Multilevel logistic regression was used to estimate odds ratios (ORs) and 

between-neighborhood variance in three different models. 

Results The results showed an overall association between linking social capital and all-

cause mortality. The significant OR of 1.53 in the group with low linking social capital 

decreased, but remained significant (OR = 1.27), after accounting for age, sex, family income, 

marital status, country of birth, education level, and region of residence. There were also 

significant associations between linking social capital and cause-specific mortality in 

coronary heart disease, psychiatric disorders, cancer, stroke, chronic lower respiratory 

diseases, type 2 diabetes, and suicide.  

Conclusion There are associations between low linking social capital and mortality from 

chronic disorders and suicide in the elderly population. Community support for elderly people 

living in neighborhoods with low levels of linking social capital may need to be strengthened. 

 

Key words: Elderly, Neighborhood, Mortality, Social capital.  
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1. Introduction 

 

Social environments encompass multiple dimensions that may influence people’s health 

status (Aida et al., 2013; Fujiwara et al., 2008; Kawachi et al., 1997b; Kobayashi et al., 2013; 

Zarzar et al., 2012) and mortality risk (Cubbin et al., 2000; Waitzman et al., 1998). One 

important dimension of the social environment is social capital. During the past decades, 

there has been an upsurge of interest in the concept social capital and it has been referred to 

as a societal component that is positively associated with democracy (Putnam, 2000b; 

Putnam, 1993) and economic wealth (Holzmann et al., 1999; Woolcock et al., 2000). In 

contrast, lack of social capital has been associated with social disintegration and violent crime 

(Sampson et al., 1997) as well as adverse health-related outcomes in all ages (Green et al., 

2000; Hyyppä et al., 2001; Kawachi et al., 1997a; Sundquist et al., 2006), such as poor self-

rated health (Kawachi et al., 1999; Sundquist et al., 2007), poor mental health (Hamano et al., 

2010; Lofors et al., 2007), hypertensive status (Hamano et al., 2011a) and coronary heart 

disease (Sundquist et al., 2006).  

 

Current definitions and measurements of social capital have usually been derived from 

leading social scientists such as Bourdieu, Coleman and Putnam. For example, Putnam 

identified social networks and social associations, trust, and norms of reciprocity as key 

components of social capital (Putnam, 2000a). Putnam described in his 2000 book ‘Bowling 

Alone: The Collapse and Revival of American Community’ that the number of people in the 

U.S. who bowl together had decreased during the last 20 years, although the total number of 

people who bowl had increased. This example was used as one of many examples of the 

decline in social capital in the U.S., a decline that may have a negative effect on civic 

engagement and democracy; if people do not meet, they don’t take part in social interaction 
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and civic discussions with other members of the society.     

 

It is important to note that social capital has most frequently been operationalized as a 

collective, rather than an individual, dimension of the society (Kawachi et al., 2000). Social 

capital is formed in social relationships and networks that can improve the efficiency of the 

society by facilitating coordinated actions (Putnam, 1993). While horizontal social capital 

represents bonds and bridges between individuals, linking social capital (LSC) includes 

vertical social trust, which can exist between individuals and societal institutions of any kind. 

The concept of LSC was introduced at the beginning of the 21st century as a sort of diagonal 

bridge across power differentials (Szreter et al., 2004).  

 

Elderly people may be particularly vulnerable to low levels of LSC due to their relative 

powerlessness and dependence on societal support. It was confirmed in a 1997 ecologic study 

from the U.S that lower state levels of social capital, defined as per capita density of 

membership in voluntary groups and level of social trust in each state, were associated with 

higher mortality rates, after accounting for state differences in median income (Kawachi et 

al., 1997b). Similar findings were found at the neighborhood level: lower neighborhood 

social capital, measured as civic participation, reciprocity and trust, was associated with 

higher neighborhood mortality rates in White Americans and, to a less consistent extent, 

Black Americans in Chicago (Lochner et al., 2003).  

 

Szreter and Woolcock posited three concepts of social capital: bonding, bridging, and linking 

social capital (Szreter et al., 2004), where LSC refers to trust across authority gradients in the 

society. Szreter and Woolcock (Szreter et al., 2004) did, however, not suggest any instrument 

to measure LSC. We chose to define LSC as voting in local government elections. Other 

research groups have used voting as a proxy for social capital (Islam et al., 2008; Islam et al., 
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2006). According to Lochner et al., civic participation and engagement is one important 

aspect of social capital (Lochner et al., 2003) and high voting rates are related to high levels 

of civic engagement. Researchers on civic engagement have divided civic engagement into 

three categories: civic, electoral, and political voice (Keeter et al., 2002), where the second 

category, electoral, refers to, e.g., voting.  Putnam (Putnam, 1993) recommended voting as a 

proxy of political participation. Participation in voting is therefore likely to be a good 

indicator of LSC and an important component of people's trust in institutionalized political 

power. For example, surveys of people from Scandinavia, Australia, and the United States 

have shown that there are strong associations between political action, political interest and 

measures of trust (Woolcock et al., 2000).  Previous studies have shown that LSC is 

associated with poor mental health, poor self-rated health and coronary heart disease (Lofors 

et al., 2007; Sundquist et al., 2006; Sundquist et al., 2007). To the best of our knowledge, 

however, previous studies have not assessed the extent to which LCS may be associated with 

cause-specific mortality among the elderly.  

 

We hypothesized that low LSC is associated with increased mortality in elderly people. The 

specific aim was to analyze the association between LSC and cause-specific mortality in all 

Swedish men and women aged 65+ years. We also assessed whether the hypothesized 

association between LSC and cause-specific mortality among elderly men and women 

remained after accounting for potential confounding factors related to individual power in 

society (age, sex, country of birth, education, marital status, and income). 

 

2. Material and Methods 

 

This population-based study included the entire Swedish population aged 65+ (65 being the 

normal age of retirement in Sweden), i.e., a total of 647,010 men and 870,326 women. The 
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individuals were followed from 1 January 2002 until death, emigration, or the end of the 

study (31 December 2010). The study was based on population register data obtained from 

Statistics Sweden (the Swedish government-owned statistics bureau), including individual-

level sociodemographic data collected annually (e.g. age, marital status, and socioeconomic 

status). Using the unique personal identification numbers assigned to all Swedish residents, 

we linked the Swedish Population Registry (sociodemographic data) and the Immigration 

Registry (data on immigration and emigration) to the Cause of Death Register. The latter was 

delivered to us from the National Board of Health and Welfare. In order to provide anonymity 

in all the registers, the personal identification numbers were replaced with serial numbers. To 

examine the effect of the exposure (LSC at the neighborhood level), all individuals were 

geocoded to their neighborhoods of residence. Small area market statistics (SAMS)—small 

administrative areas whose average population is 1000 in Sweden as a whole—were used to 

define neighborhoods. Data on SAMS covering the whole of Sweden (n=9,119) were 

obtained from Statistics Sweden. The boundaries of SAMS include similar types of housing 

construction in a neighborhood, meaning that SAMS neighborhoods are comparatively 

homogeneous in terms of physical and socioeconomic structure.  

 

2.1 Predictor variable 

Neighborhood-level variable 

Neighborhood LSC 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. The election boards create the boundaries for the 

local electoral wards. The division is distributed in detailed maps to Statistics Sweden for 

determining which individuals are included in each electoral ward based on the individuals’ 

geographic coordinates. Their participation (yes/no) in the local elections is registered at the 

individual level and then transferred to their respective SAMS area. By this procedure, each 
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individual is linked to their local electoral wards as well as to their respective SAMS area 

based on their geographic coordinates. Statistics Sweden calculates the percentage voting 

rates for each SAMS and delivers the neighborhood-level data to us. Neighborhoods were 

divided into the following three groups based on the proportion of residents aged ≥18 years 

who voted: (1) low, (2) intermediate, and (3) high LSC. 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%), based on those 

individuals who were aged ≥18 years and who were entitled to vote.  

 

Voting in local elections provides a good measure of LSC because of the devolved nature of 

government in Sweden. In addition, voting patterns are very stable in Sweden. Numbers of 

people voting in national and local government elections have not been affected by get-out-

the-vote campaigns or other actions of interest groups or political parties. As a result, voting 

in local government elections is a relatively stable variable over time, and rates of 

participation in local government elections may thus be considered a good indicator of 

neighborhood LSC.  

  

2.2 Outcome variable 

The outcome variable, cause of death, was based on the 10th revision of International 

Classification of Diseases (ICD-10). Causes of death were determined using the Cause of 

Death Register. The eight specific outcomes of interest were (1) all-cause (total) mortality 

and (2) mortality from coronary heart disease (I20-I25), psychiatric disorders (F00-F99), 

cancer (C00-D48), stroke (I60-I69), chronic lower respiratory diseases (J40-J49), type 2 

diabetes (E11-E14), and suicide (X60-X84). The specific outcomes were partly chosen 

because they represent common chronic disorders in the elderly population.  
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2.3 Individual-level variables 

Age: Age was categorized as follows: 65–69, 70–74, 75–79, 80–84, 85–89, and 90+ years. 

Sex: men and women. 

Education level: Individual level of education was divided into three groups: Compulsory 

school or less (≤9 years), practical high school or some theoretical high school (10–11 years), 

and theoretical high school and/or college/university (≥12 years).  

Marital status: Married/cohabiting or never married/widowed/divorced 

Country of birth: Categorized as Sweden, Western countries (Western Europe, USA, Canada, 

Oceania), and Other countries. 

Family income: Annual family income divided by the number of people in the family. The 

final variable was calculated as empirical quartiles from the distribution.  

Region of residence: large cities (Stockholm, Gothenburg, and Malmö), Northern Sweden, 

and Southern Sweden (excluding large cities). 

 

2.4 Statistical methods 

Multilevel logistic regression was performed with individuals at the first level and 

neighborhoods at the second level (Larsen et al., 2000; Snijders et al., 1999). Logistic 

regression was considered to be a good approximation of Cox’s proportional hazard model 

because we had a large sample size, a relatively low incidence rate, risk ratios of moderate 

size, and a relatively short follow-up period (Callas et al., 1998). The fixed effects are 

presented as odds ratios (ORs) with 95% confidence intervals (CIs). The random effects were 

calculated as the variance between neighborhoods, the explained variance and the intra-class 

correlation (ICC). We created and analyzed three regression models. Model 1 included the 

neighborhood-level variable; Model 2 also included age and sex; and Model 3 also included 

the socioeconomic variables. We added age and sex to a second model because these 
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sociodemographic variables are not modifiable, in contrast to most of the other economic and 

sociodemographic variables that were also added to Model 3. 

 

The logistic model used is given by the formula: 

yij = exp (fij + u0j) / (1 + exp(fij + u0j))+ e0ijZ0ij 

 

where fij denotes the fixed part of the model, u0j denotes the neighborhood random effect, and 

z0ij denotes the estimated binomial standard variation and equals √[πij(1 – πij)]. The first-level 

variance is constrained to unity. These two terms ensure the correct specification of the 

binomial variance. 

 

Next, we calculated the second-level (i.e. neighborhood-level) intercept variance. The 

proportion of the second-level variance explained by the 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 other models (Snijders et al., 1999). 

 

The ICC expresses the proportion of the total variance that is at a certain level, in this case the 

neighborhood level. The ICC can be estimated by different procedures in multilevel logistic 

regression. We used the latent variable method (Snijders et al., 1999): 

ICC = Vn / (Vn + π2 / 3) 

where Vn represents the variance between neighborhoods and π2 / 3 is an approximation of 

the variance between individuals. 

 

Possible cross-level interactions were tested. None were found. We did not test for random 

slopes or heterogeneity between the SAMS neighborhoods since there was little variance left 
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in the final models. Parameters were estimated by second-order penalized quasi-likelihood. 

We systematically explored extra-binomial variation in all models and found no evidence of 

under- or overdispersion. MLwiN software (MLwiN 2.27) was used to perform the analyses 

(Rasbash et al., 2000). 

 

2.5 Geographic Information Systems (GIS)  

Neighborhood LSC and mortality in Malmö, the third largest city in Sweden, are displayed in 

maps as spatial patterns. The maps were constructed in ArcGIS (v.10, ESRI). 

 
 

3. Results 

 

The population distribution and number of mortality events by sociodemographic 

characteristics, as well as age-standardized mortality rates by level of LSC, are presented in 

Table 1. Of the 1,517,336 individuals aged 65 and older, 26%, 57% and 17% lived in 

neighborhoods characterized by low, intermediate, and high LSC, respectively. The all-cause 

mortality rates were higher among men, those in older ages, those with a low income or a low 

education level, those who were never married/widowed/divorced, and those who lived in 

neighborhoods with low LSC.  

 

3.1 Fixed effects 

Table 2 presents ORs with 95% CIs for the association between LSC and all-cause mortality 

in individuals aged 65+ years. There was a gradient between LSC and all-cause mortality, 

with individuals living in neighborhoods with low LSC being more likely to die compared 

with individuals living in neighborhoods with high LSC, after accounting for age and sex (OR 

= 1.42, 95% CI = 1.40-1.45, Model 2). Elderly individuals living in neighborhoods with 
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intermediate LSC were also more likely to die prematurely, after taking age and sex into 

account (OR = 1.21, 95% CI = 1.19-1.23, Model 2). After adjusting for the other 

sociodemographic variables (Model 3), the ORs in neighborhoods with low and intermediate 

LSC decreased to 1.27 and 1.12, respectively, but remained significant. There were also 

associations between most of the individual-level variables and mortality in the elderly.  

We performed an additional survival analysis; we applied Cox regression models where we 

used robust standard errors to adjust the 95% CIs for clustering of individuals within 

neighborhoods. The effect sizes were very similar. In the main multilevel analysis the OR 

was 1.27 and in the survival analysis the hazard ratio (HR) was 1.20 (CI = 1.19-1.21), which 

strengthens that our results are robust (data not shown in table). 

 

Table 3 shows ORs with 95% CIs for the associations between LSC and mortality from 

coronary heart disease, psychiatric disorders, cancer, stroke, chronic lower respiratory 

diseases, type 2 diabetes, and suicide. There was an inverse gradient between LSC and 

mortality from the abovementioned diseases in the crude model. The associations with low 

LSC were strongest for mortality from chronic lower respiratory diseases (OR = 1.66; 95% CI 

= 1.57-1.76), type 2 diabetes (OR = 1.60; 95% CI = 1.50-1.72), and coronary heart disease 

(OR = 1.45; 95% CI = 1.41-1.49). After accounting for age, sex, family income, marital 

status, country of birth, educational level, and region of residence (Model 3), the ORs for low 

LSC decreased to 1.41, 1.29, and 1.19, for mortality from chronic lower respiratory diseases, 

type 2 diabetes, and coronary heart disease, respectively.  

 

3.2 Random effects 

LSC 

The between-neighborhood variance was over 1.96 times the standard error in the crude 

model (Table 2, Model 1), indicating that there were significant differences in mortality 
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between neighborhoods. After inclusion of age and sex (Model 2) and the other individual-

level variables (Model 3), the between-neighborhood variance decreased, but remained 

significant. The explained variance increased after stepwise inclusion of the individual-level 

variables, reaching 82% in Model 3. This implies that the neighborhood-level and individual-

level variables explained 82% of the between-neighborhood variance in mortality. Model 3 

was also calculated without inclusion of LSC. In that model, the explained variance was 77% 

(data not shown in table). The ICC expresses the proportion of the total variance that is at the 

neighborhood level and constitutes a conditional approximation. For example, the ICC was 

0.008 or 0.8% of the total variance in Model 3 (Table 2). 

LSC in Malmö, Southern Sweden 

Figure 1 shows the geographic distribution of the population aged 65+, levels of LSC, and 

age-standardized total mortality rates in Malmö, the third largest city in Sweden. A separate 

multilevel regression analysis was conducted for the association between LSC and total 

mortality in residents of Malmö aged 65+ years (in total 46,298 individuals) (Supplementary 

Table 1). The association between LSC and total mortality was stronger in Malmö than that 

for Sweden as a whole.  

 
 

4. Discussion 

 

The main finding of the present study was that low LSC is associated with an increased total 

mortality rate in the elderly. This average neighborhood effect on total mortality remained 

significant after inclusion of the individual-level variables. There was also an inverse gradient 

between LSC and cause-specific mortality from coronary heart disease, psychiatric disorders, 

cancer, stroke, chronic lower respiratory diseases, type 2 diabetes, and suicide. The ORs for 

all types of cause-specific mortality remained significant in neighborhoods with low LSC, 
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after adjustment for the individual-level variables, and varied between 1.06 (stroke) and 1.41 

(chronic lower respiratory diseases) (fixed effects). The between-neighborhood variance 

indicated significant differences in total mortality between neighborhoods, and the 

neighborhood-level and individual-level variables explained 82% of the between-

neighborhood variance in mortality (random effects). 

 

The findings of the present study are partly in agreement with previous research. For 

example, a study from 39 states in the U.S. found that lower state levels of social capital were 

associated with higher total mortality rates as well as higher rates of coronary heart disease 

and cancer (Kawachi et al., 1997b). Similar results were observed in Chicago neighborhoods: 

when the level of neighborhood social capital decreased, the neighborhood rates for total 

mortality and coronary heart disease mortality increased. However, there was no association 

between neighborhood social capital and neighborhood cancer mortality (Lochner et al., 

2003). This is partly in agreement with the results from the present study of a relatively weak 

association between LSC and cancer mortality. However, our results are not directly 

comparable to the U.S. findings; rather, they extend these findings because our study used 

mortality data linked to each individual, adjusted for individual-level sociodemographic 

characteristics, rather than using state- or neighborhood-level mortality rates as the outcome 

variable. In addition, Sweden has relatively high voter turnout compared to the U.S.  

 

The generalizability of our results may be greater in countries with similar political systems 

and voter turnout rates. The voter turnout varies greatly between different countries. For 

example, the voter turnout in the beginning of the 2000s was 45.3% in the U.S., 59.4% in the 

U.K., 60.6% in Japan, 80.1% in Sweden, 81.4% in Italy and 87.1% in Denmark (Pintor et al., 

2002). However, a recent study based on data from the European Social Survey of 25 

European countries found support for a positive relationship between self-perceived health 
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and social capital and that it acts in both directions  (Rocco et al., 2013).   

 

A recent Danish study included 2,863 seventy-five-year-olds and 1,171 eighty-year-olds to 

analyze the impact of bonding, bridging and LSC on mortality. The results showed an 

association between mortality and both bridging and LSC in the eighty-year-olds, with hazard 

ratios of 1.24 and 1.21, respectively (Poulsen et al., 2012). These effect sizes are similar to 

our effect sizes of 1.27 on all-cause mortality. Although an effect size of 1.27 might appear 

modest, it roughly means that 27 000 more deaths will occur if 100 000 deaths are 

“expected”. The authors of the Danish study concluded that possible mediators between 

social capital and mortality in older populations are physical disability and lack of physical 

activity. However, it is also possible that the association between social capital and mortality 

is due to terminal decline, i.e., both low levels of LSC and high mortality rates may be due to 

poor health among elderly people. Other possible mediators between social capital and 

mortality are psychological distress and hypertension. A study from Japan found that lower 

social capital, measured by trust, was associated with psychological distress in the elderly 

(Hamano et al., 2011b), and that systolic blood pressure increased with an increasing 

perception of lack of fairness, after adjustment for individual confounders in a multilevel 

framework (Hamano et al., 2011a). Poor self-rated health is associated with increased 

mortality and it may represent another potential mediator between social capital and mortality. 

Bridging social capital (between individuals who are not alike) was associated with good self-

rated health in both men and women in Japan, while bonding social capital (between 

individuals who are alike) had no additional effect on self-rated health (Iwase et al., 2012).  

 

The mechanisms underlying the association between LSC and mortality are most likely of a 

complex nature and any causal inferences remain to be established. However, neighborhood 

LSC may reflect how well the society is organized at the local level. Previous research has 
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shown positive associations between the quality of government and other aspects of social 

capital, such as census response rates and social trust (Knack, 2002). Local governments bear 

a great deal of power because they have the right to apply taxes and are responsible for health 

care, elderly care, and city planning. Local politicians distribute key services to their elderly 

population, i.e., part of their voters. They must build community trust via repeated interaction 

with people, and many of them have face-to-face contact with potential voters in the local 

community. Although the present study has shown associations between LSC and mortality 

rates in the elderly population, the potential causality between the predictor variable and the 

outcome variable remains to be established. In addition, if investments in social capital are to 

be made by local politicians, it is hard to know at what time point in the life course that such 

investments would provide the most benefits in people’s health. 

 

Limitations and strengths  

This study has some important limitations. The nature of social capital is complex and we 

operationalized LSC as neighborhood voting rates as a way to assess this multidimensional 

concept. However, a consensus has not yet been established as to which measurement of 

social capital is the most “accurate”. We argue that measuring social capital in multiple 

different ways is the most appropriate strategy as this approach can broaden its 

multidimensional conceptualization. Neighborhood voting rates may be a good proxy of 

current levels of LSC. However, they may also reflect foregone elections and levels of LSC 

or regional social relationships rather than trust across authority gradients in the society. We 

included individuals aged 65 and over because this is the normal age at retirement in Sweden; 

the retirement age of 67 is optional but most Swedes retire at 65. Some retired individuals 

may work part-time after retirement but we do not have access to such data. We had no 

access to smoking rates. Poor health behaviors, such as smoking, may impact individuals 

through their social networks and socioeconomic status (Lutfey et al., 2005). Although we 
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accounted for socioeconomic status in the analyses, some residual confounding most likely 

exists in the measurement of socioeconomic conditions. For example, years of education are 

not equal to quality of education (Kaufman et al., 1997).  

 

These limitations are balanced by certain key strengths. Few previous studies have analyzed, 

in the elderly, the association between the amount of vertical trust between individuals and 

societal institutions (i.e., LSC, measured as neighborhood voting rates) and mortality from 

specific chronic disorders, i.e., coronary heart disease, psychiatric disorders, cancer, stroke, 

chronic lower respiratory diseases, and type 2 diabetes as well as suicide. In addition, this is 

the first large-scale multilevel study to examine the potential effect of low LSC on mortality 

in elderly people, after accounting for a comprehensive set of individual-level 

sociodemographic factors. The availability of almost 100% complete sociodemographic and 

mortality data allowed us to perform a comprehensive assessment of the association between 

LSC and mortality from a broad spectrum of chronic disorders. Our study was based on the 

entire Swedish population aged 65+ years, a total of 647,010 men and 870,326 women living 

in small neighborhoods, each with around 1000 residents. The use of small neighborhoods is 

an advantage according to a recent review of social capital (Whitley et al., 2005). Some 

research suggests that the immediate neighborhood to a high extent contributes to poor mental 

health (Boydell et al., 2002), which may impact mortality risk. Furthermore, by using a 

multilevel model we could take into account the hierarchical structure of the data and 

consider both fixed and random effects in the analyses.  

 

Finally, our outcome variables and exposure variable were collected from two different 

sources. The neighborhood variable (voting rates) and the individual-level outcome 

(mortality) were collected from different data sources, which eliminates spurious associations 

due to same-source bias. Previous studies have often been hampered by same-source bias, 
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where the neighborhood variable has been constructed by aggregating individual-level survey 

responses. Problems with same-source bias may occur if people can’t vote due to illness. Our 

definition of social capital eliminated same-source bias because it was based on objective 

measures and not aggregated individual-level responses from surveys (Poortinga, 2006; 

Veenstra et al., 2005).  

 

Conclusions 

In summary, these findings from a large national cohort study show that low LSC are 

associated with total and cause-specific mortality among elderly men and women. Decision-

makers should take into account the potentially negative effect of LSC on health in the elderly 

regarding sites of primary health care centers and other kinds of community support for 

elderly people with chronic disorders.  

 

Highlights: 

• Population-based study of linking social capital and mortality in Sweden 

• Linking social capital associated with all-cause mortality in elderly people 

• Linking social capital associated with cause-specific mortality  

• Linking social capital associated with suicide 

• Most associations remain after adjustment for individual-level characteristics 

 

Conflicts of interest declaration: None  

 

Acknowledgments 

We wish to thank Klas Cederin for performing the GIS analysis (Figure 1) and Scientific 

Editor Stephen Gilliver for the language revision. 

 



 18	  

Funding sources 

This work was supported by grants awarded to Dr Kristina Sundquist from the Swedish 

Research Council and by grants awarded to Dr Jan Sundquist from the Swedish Research 

Council, and King Gustav V and Queen Victoria’s Freemason Foundation. 

 

 

	    



 19	  

Figure legends 

Figure 1. Neighborhood linking social capital and mortality in the urban area of Malmö, 

Sweden. 
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Table 1. Population distribution, number of mortality events, and age-standardized mortality rates (%) in elderly Swedes by linking social capital 

 
Population 

 
Mortality events 

 
Linking social capital 

  No. (%)   No. %   Low Moderate High 
Total population (%) 1517336      

400310 (26%)  869541 (57%)  247485 (17%) 
Total mortality    584088 

  
41.8 38.8 32.0 

Coronary heart disease    121886 20.9 
 

8.8 8.1 6.3 
Psychiatric disorders    35879 6.1 

 
2.6 2.4 1.9 

Cancer    118239 20.2 
 

8.0 7.8 7.4 
Stroke    71681 12.3 

 
5.0 4.8 3.9 

Chronic lower respiratory diseases    18621 3.2 
 

1.5 1.2 0.9 
Type 2 diabetes    12556 2.1 

 
1.0 0.8 0.6 

Suicide    1746 0.3 
 

0.1 0.1 0.1 
Sex          Men 647010 42.6  264376 45.3 

 
48.0 44.4 36.4 

Women 870326 57.4  319712 54.7 
 

37.6 34.7 28.1 
Age (years) 

         65-69 377429 24.9 
 

53108 9.1 
 

17.0 13.8 11.3 
70-74 352424 23.2 

 
82054 14.0 

 
26.1 23.2 19.5 

75-79 320621 21.1 
 

122961 21.1 
 

41.0 38.2 34.2 
80-84 258020 17.0 

 
151488 25.9 

 
60.5 58.7 55.4 

85-89 140641 9.3 
 

111204 19.0 
 

80.1 79.0 77.3 
≥ 90 68201 4.5 

 
63273 10.8 

 
92.9 92.8 92.1 

Family income (quartiles) 
          Low income 379709 25.0 

 
206081 35.3 

 
44.8 42.8 36.2 

 Middle–low income 379265 25.0 
 

161006 27.6 
 

43.1 40.2 34.2 
 Middle–high income 379191 25.0 

 
126633 21.7 

 
40.5 38.0 32.1 

High income 379171 25.0 
 

90368 15.5 
 

38.5 35.6 29.5 
Marital status 

          Married/cohabiting 767724 50.6 
 

229942 39.4 
 

39.7 37.3 30.9 
 Never married, widowed, or divorced 749612 49.4 

 
354146 60.6 

 
43.9 40.9 34.0 

Country of birth 
         Sweden 1370175 90.3 

 
538338 92.2 

 
42.1 38.9 32.1 

Western Countries 108003 7.1 
 

33689 5.8 
 

41.7 38.5 31.0 
Other countries 39158 2.6 

 
12061 2.1 

 
34.8 35.3 29.2 

Educational attainment 
         ≤ 9 years 1162582 76.6 

 
527237 90.3 

 
42.5 39.7 33.0 

10–11 years 179366 11.8 
 

30451 5.2 
 

9.2 8.0 7.8 
≥ 12 years 175388 11.6 

 
26400 4.5 

 
8.6 7.3 7.3 

Region of residence 
         Large city 706064 46.5 

 
269141 46.1 

 
41.4 38.0 31.4 

Southern Sweden 537845 35.4 
 

207152 35.5 
 

42.0 38.8 32.5 
Northern Sweden 273427 18.0   107795 18.5   42.3 40.7 34.1 
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Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for all-cause mortality in elderly Swedes: results from multi-level logistic regression models 

 
Model 1 

 
Model 2   Model 3   

  OR 95% CI   OR 95% CI   OR 95% CI P-value   
Linking social capital (ref. High linking social capital) 

              
Moderate 1.31 1.28 1.34 

 
1.21 1.19 1.23 

 
1.12 1.10 1.14  <0.001    

Low 1.53 1.49 1.57 
 

1.42 1.40 1.45 
 

1.27 1.25 1.29  <0.001    
Sex (ref. Females) males 

    
1.73 1.71 1.74 

 
1.95 1.94 1.97  <0.001    

Age (ref. 65-69 years) 
              

70-74 
    

1.88 1.86 1.90 
 

1.78 1.76 1.80  <0.001    
75-79 

    
3.92 3.87 3.97 

 
3.29 3.25 3.34  <0.001    

80-84 
    

9.20 9.09 9.31 
 

7.46 7.36 7.57  <0.001    
85-89 

    
25.13 24.74 25.53 

 
19.18 18.85 19.52  <0.001    

≥ 90 
    

87.79 85.25 90.41 
 

63.69 61.72 65.72  <0.001    
Family income (ref. High income) 

              
Middle-high income 

        
1.17 1.16 1.19  <0.001    

Middle-low income 
        

1.31 1.29 1.33  <0.001    
Low income 

        
1.53 1.50 1.55  <0.001    

Marital status (ref. Married/co-habiting) 
              

Never married,widowed, divorced 
        

1.19 1.18 1.20  <0.001    
Country of birth (ref. Sweden) 

              

Western countries 
        

1.01 0.86 1.18 
              

0.920    
Others 

        
0.75 0.73 0.77  <0.001    

Educational attainment (ref. ≥ 12 years) 
              

 ≤ 9 years 
        

1.32 1.30 1.34  <0.001    
 10–11 years 

        
1.16 1.14 1.18  <0.001    

Region of residence (ref. Large city) 
            

  

Southern Sweden 
        

1.00 0.99 1.01 
              

0.617    
Northern Sweden 

        
1.07 1.05 1.08  <0.001    

             
  

Variance (S.E.) 0.119 (0.002) 
 

0.037 (0.001) 
 

0.025 (0.001)   
Explained variance (%) 14 

 
73 

 
82   

Intra class correlation  0.035   0.011   0.008   
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, and region of residence. 
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Table 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for cause-specific mortality in elderly Swedes: results from multi-level logistic 
regression models 
Specific mortality by linking social capital (Ref. high 
linking social capital, LSC) Model 1 

 
Model 2 

 
Model 3   

  OR 95% CI   OR 95% CI   OR 95% CI P-value   
Coronary heart disease 

            
  

Low LSC 1.45 1.41 1.49 
 

1.33 1.29 1.36 
 

1.19 1.16 1.22  <0.001    
Moderate LSC 1.30 1.27 1.34 

 
1.20 1.17 1.23 

 
1.11 1.08 1.13  <0.001    

Psychiatric disorders 
            

  
Low LSC 1.38 1.30 1.46 

 
1.14 1.08 1.20 

 
1.08 1.03 1.14 

                   
0.003    

Moderate LSC 1.23 1.17 1.30 
 

1.07 1.02 1.12 
 

1.03 0.98 1.07 
                   

0.271    
Cancer 

            
  

Low LSC 1.09 1.07 1.11 
 

1.09 1.07 1.11 
 

1.08 1.05 1.10  <0,001    
Moderate LSC 1.05 1.03 1.07 

 
1.04 1.02 1.06 

 
1.03 1.02 1.05 

                   
0.001    

Stroke 
            

  
Low LSC 1.31 1.26 1.35 

 
1.14 1.10 1.18 

 
1.06 1.03 1.10  <0,001    

Moderate LSC 1.24 1.20 1.28 
 

1.11 1.08 1.14 
 

1.04 1.02 1.07 
                   

0.002    
Chronic lower respiratory diseases  

            
  

Low LSC 1.66 1.57 1.76 
 

1.60 1.51 1.68 
 

1.42 1.35 1.50  <0,001    
Moderate LSC 1.28 1.22 1.35 

 
1.23 1.17 1.30 

 
1.16 1.10 1.22  <0,001    

Type 2 diabetes 
            

  
Low LSC 1.60 1.50 1.72 

 
1.48 1.38 1.59 

 
1.30 1.21 1.39  <0,001    

Moderate LSC 1.40 1.31 1.49 
 

1.30 1.22 1.38 
 

1.17 1.10 1.25  <0,001    
Suicide 

            
  

Low LSC 1.22 1.04 1.42 
 

1.31 1.12 1.54 
 

1.14 0.98 1.34 
          

0.089    
Moderate LSC 1.17 1.02 1.35   1.23 1.06 1.41   1.14 0.99 1.31          0.075    

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, and region of residence. 
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Supplementary Table 1. Odds ratios (ORs) and 95% confidence intervals (CIs) for all-cause mortality in elderly residents of Malmö; Results from multi-level logistic 
regression models, N=46,298. 

 
Model 1 

 
Model 2   Model 3   

  OR 95% CI   OR 95% CI   OR 95% CI P-value   
Linking social capital (ref. High linking social capital) 

           Moderate 1.51 1.31 1.74 
 

1.27 1.16 1.40 
 

1.18 1.08 1.29  <0.001    
Low 1.86 1.61 2.15 

 
1.69 1.54 1.85 

 
1.50 1.38 1.64  <0.001    

Sex (ref. Females): males 
    

1.80 1.73 1.88 
 

2.03 1.93 2.12  <0.001    
Age (ref. 65-69 years) 

            
  

70-74 
    

1.79 1.67 1.91 
 

1.71 1.59 1.83  <0.001    
75-79 

    
3.50 3.28 3.75 

 
2.99 2.77 3.22  <0.001    

80-84 
    

7.61 7.09 8.16 
 

6.22 5.75 6.73  <0.001    
85-89 

    
20.09 18.39 21.94 

 
15.77 14.32 17.36  <0.001    

≥ 90 
    

73.11 62.01 86.20 
 

55.15 46.50 65.40  <0.001    
Family income (ref. High income) 

            
  

Middle-high income 
        

1.19 1.12 1.27  <0.001    
Middle-low income 

        
1.31 1.21 1.42  <0.001    

Low income 
        

1.42 1.31 1.55  <0.001    
Marital status (ref. Married/co-habiting) 

            
  

Never married, widowed, divorced 
        

1.17 1.10 1.25  <0.001    
Country of birth (ref. Sweden) 

            
  

Western countries 
        

0.92 0.86 0.99 
                   

0.028    
Others 

        
0.69 0.63 0.76  <0.001    

Educational attainment (ref. ≥ 12 years) 
            

  
 ≤ 9 years 

        
1.33 1.22 1.45  <0.001    

 10–11 years 
        

1.15 1.04 1.28          0.005    

             
  

Variance (S.E.) 0.183 (0.019) 
 

0.042 (0.007) 
 

0.030 (0.006)   
Explained variance (%) 25 

 
83 

 
88   

Intra class correlation  0.053   0.013   0.009   
Model 1. Crude model. 

            
  

Model 2. Adjusted for age and sex. 
            

  
Model 3. Adjusted for age, sex, family income, marital status, country of birth, and education. 
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Supplementary Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for disease-specific mortality in elderly residents of Malmö; Results from 
multi-level logistic regression models, N=46,298. 
Specific mortality by linking social capital (Ref. high linking 
social capital, LSC) Model 1 

 
Model 2 

 
Model 3   

  OR 95% CI   OR 95% CI   OR 95% CI P-value   
Coronary heart disease 

            
  

Low LSC 1.54 1.37 1.74 
 

1.44 1.28 1.63 
 

1.28 1.13 1.43  <0.001    
Moderate LSC 1.41 1.24 1.59 

 
1.24 1.11 1.40 

 
1.15 1.02 1.29                    0.021    

Psychiatric disorders 
            

  
Low LSC 1.34 0.97 1.85 

 
0.94 0.74 1.19 

 
0.92 0.72 1.17                    0.484    

Moderate LSC 1.27 0.92 1.75 
 

0.88 0.69 1.12 
 

0.86 0.67 1.09                    0.194    
Cancer 

            
  

Low LSC 1.16 1.05 1.28 
 

1.19 1.07 1.31 
 

1.16 1.05 1.28                    0.005    
Moderate LSC 1.12 1.02 1.24 

 
1.13 1.02 1.25 

 
1.10 1.00 1.22                    0.057    

Stroke 
            

  
Low LSC 1.39 1.16 1.67 

 
1.14 0.97 1.33 

 
1.09 0.93 1.27                    0.317    

Moderate LSC 1.40 1.16 1.68 
 

1.11 0.95 1.29 
 

1.07 0.92 1.26                    0.368    
Chronic lower respiratory diseases 

            
  

Low LSC 2.27 1.76 2.92 
 

2.21 1.72 2.86 
 

1.91 1.47 2.48  <0,001    
Moderate LSC 1.79 1.38 2.31 

 
1.68 1.30 2.19 

 
1.51 1.17 1.96                    0.002    

Type 2 diabetes 
            

  
Low LSC 1.67 1.20 2.31 

 
1.61 1.16 2.23 

 
1.31 0.94 1.83                    0.110    

Moderate LSC 1.20 0.85 1.68 
 

1.12 0.80 1.57 
 

1.02 0.72 1.42                    0.920    
Suicide 

            
  

Low LSC 1.25 0.61 2.56 
 

1.32 0.64 2.72 
 

1.26 0.60 2.66                    0.549    
Moderate LSC 1.19 0.58 2.46   1.27 0.61 2.64   1.21 0.58 2.51                    0.617    

Model 1. Crude model. 
            

  
Model 2. Adjusted for age and sex. 

            
  

Model 3. Adjusted for age, sex, family income, marital status, country of birth, and education. 
   

 
 
 
 




