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Abstract

From 1999 through 2017, age-adjusted suicide rates in the United States rose by 33% (from 10.5 to 14.0 per 100 000 popu-
lation). Social capital, a key social determinant of health, could protect against suicide, but empirical evidence on this associ-
ation is limited. Using multilevel data from the Centers for Disease Control and Prevention, we explored state- and 
county-level social capital as predictors of age-adjusted suicide rates pooled from 2010 through 2017 across 2112 US coun-
ties. In addition, we tested for causal mediation of these associations by state-level prevalence of depression. A 1-standard 
deviation increase in state-level social capital predicted lower county-level suicide mortality rates almost 2 decades later 
(0.87 fewer suicides per 100 000 population; P = .04). This association was present among non-Hispanic Black people and 
among men but not among non-Hispanic White people and women. We also found evidence of partial mediation by preva-
lence of depression. Our findings suggest that elevating state- and county-level social capital, such as through policy and local 
initiatives, may help to reverse the trend of rising suicide rates in the United States.
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From 1999 through 2017, age-adjusted suicide mortality 
rates in the United States increased by 33% (from 10.5 to 
14.0 per 100 000 population), making suicide 1 of the top 10 
leading causes of death across all ages.1,2 Knowledge of the 
proximal determinants of suicide has informed suicide pre-
vention interventions at the micro level (eg, crisis lines) and 
the macro level (eg, the 2012 National Strategy for Suicide 
Prevention).3 However, identifying and addressing the 
upstream causes of suicide (ie, its social determinants) is 
essential to attenuating its overall burden.

An underexplored yet plausible root cause of suicide is 
social capital—characteristics of and resources within social 
networks, such as interpersonal trust and civic participation, 
that facilitate collective action.4 Area-level social capital has 
been inversely linked to suicide rates in Europe,5 the United 
Kingdom,6 and the United States.7,8 However, thus far, only 
contemporaneous associations between social capital and 
suicide have been examined despite the underlying pathway 
likely involving repeated exposure and processes spanning 
several years.9 Furthermore, this association has yet to be 
explored with social capital measured at multiple geographic 

levels. We addressed these gaps by using multilevel data to 
investigate the lagged associations of both state- and county-
level social capital with county-level suicide mortality rates, 
controlling for state- and county-level factors.

Methods

Outcome
We obtained county-level suicide mortality data across all 
ages from 2010 through 2017 for the 48 contiguous US states 
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from the Centers for Disease Control and Prevention’s 
(CDC’s) Wide-ranging Online Database for Epidemiologic 
Research.10 Because county-level suicide rates were low in 
some counties in a given year, we pooled age-standardized 
suicide rates. CDC considers data from counties with <20 
suicides in all years during the 8-year study period to be 
unreliable; therefore, we excluded these data from analysis.

Predictor Variables
We used an updated version of Putnam’s state-level social 
capital index4 by Kim et al11 as our main predictor variable. 
Kim et al derived this index from 14 indicators of social cap-
ital measured in the 1990s, including formal and informal 
social participation, political participation, and trust. The 
authors did not calculate this index for Alaska and Hawaii 
because of the inadequate sample size in the data set used by 
Putnam.4 At the county level, we used a social capital index 
developed by Rupasingha et al.12 This index was initially 
created for the year 1990 using 13 variables, including the 
total density of nonprofit, social, civic, and religious organi-
zations in a county; percentage of population that voted in 
presidential elections; and response rate to the decennial cen-
sus. Principal component analysis was used to create a single 
index from these variables. Rupasingha et al12 then updated 
this index for the years 1997, 2005, 2009, and 2014.

State- and County-Level Covariates
We used the following demographic and socioeconomic 
covariates obtained from the 2000 US Census at both the 
state and county levels: unemployment rate, median annual 
household income, population density, and the percentage 
of the population that was non-Hispanic Black, aged ≥65, 
below the federal poverty level, and high school gradu-
ates.13 At the state level, we also controlled for the firearm 
ownership rate14 and marriage rate15 corresponding to the 
year 2000.

Statistical Analysis
After excluding data from counties with unreliable suicide 
mortality rates for the 2010-2017 period, we included 2112 
counties in our analyses. We first compared data from counties 
that were excluded from the analysis with data from counties 
that were included in the analysis on all county-level covariates 
and on population size using 2-sample t tests. We then esti-
mated multivariate linear regression models with state- and 
county-level social capital as predictors of the pooled county-
level age-adjusted suicide mortality rates, controlling for state- 
and county-level covariates. In addition, we estimated models 
for major racial/ethnic (non-Hispanic Black, non-Hispanic 
White) and sex (male, female) groups. We assessed multicol-
linearity using variance inflation factors; we removed the state-
level percentage of population below the federal poverty level 

from all models because of a variance inflation factor >10. 
Furthermore, we conducted a sensitivity analysis by removing 
data from counties with population size less than or equal to the 
median value of the originally omitted counties (counties with 
<20 suicides) to assess for the potential presence of selection 
bias. All estimates are rescaled to reflect a 1-standard deviation 
(1-SD) change (eg, a change of 0.64 units for state-level social 
capital and 1.35 units for county-level social capital in 1990).

We also tested for mediation of state-level social capital 
associations separately by county-level social capital and by 
state-level prevalence of depression for the year 2004-2005 
(obtained from the Substance Abuse and Mental Health 
Services Administration),16 using a causal mediation analy-
sis approach, as described by Yung et al.17 To achieve model 
convergence, the causal mediation models did not account 
for the state- and county-level unemployment rate, median 
annual household income, county-level population density, 
or state firearm ownership rates and marriage rates.

We assessed significance at a level of .05 (2-tailed). We 
based robust standard errors on Huber–White robust sand-
wich estimators18 and weighted the model estimates by 
county population size. We conducted all analyses using 
SAS version 9.4 (SAS Institute Inc). Because we used de-
identified data, institutional review board review was not 
required.

Results

The average pooled county-level age-adjusted suicide mortal-
ity rate was 16.8 suicides per 100 000 population. Suicide mor-
tality rates per 100 000 population were higher among men 
than among women (20.9 vs 6.1) and among non-Hispanic 
White people than among non-Hispanic Black people (23.7 vs 
11.1). Overall, we found significant differences between coun-
ties that were included in the analysis and counties that were 
excluded from the analysis on all characteristics except for the 
percentage of the population that was non-Hispanic Black 
(data available from authors upon request).

Living in a state with higher social capital was associated 
with lower county-level age-adjusted suicide mortality rates 
roughly 2 decades later. A 1-SD increase in state-level social 
capital in 1990 predicted a 0.87 per 100 000 population lower 
county-level age-adjusted pooled suicide mortality rate from 
2010 through 2017 (P = .04) (Table). This association was 
significant among non-Hispanic Black people (1.78 fewer 
suicides per 100 000 population, P < .001) and among men 
(0.95 fewer suicides per 100 000 population, P = .03) but not 
among non-Hispanic White people or women. In sensitivity 
analyses, our results remained robust after excluding 77 
counties with population size equal to or below the median 
for the original excluded counties (0.90 fewer suicides per 
100 000 population, P = .04). Higher rates of firearm owner-
ship at the state level were also significantly associated with 
higher rates of age-adjusted suicide at the county level. In 
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causal mediation analyses, the prevalence of state-level 
depression for 2004-2005 mediated approximately 64% of 
the overall association (P = .01), whereas county-level social 
capital for 1997 mediated nearly 50% of the association (P = 
.04).

At the county level, a 1-SD increase in county-level social 
capital in 1990 predicted a 0.94 per 100 000 population 
lower county-level age-adjusted pooled suicide mortality 
rate (P < .001) (Figure). The associations of county-level 
social capital measured in 1997, 2005, 2009, and 2014 were 
weaker than associations for county-level social capital mea-
sured in 1990, suggesting a stronger effect of a county’s level 
of social capital on suicide mortality with a longer (vs 
shorter) lag period. The county-level associations were also 
stronger among non-Hispanic Black people than among non-
Hispanic White people and among men than among women 
(data available from authors upon request).

Discussion

In this multilevel study, we found that higher state- and county-
level social capital was linked to lower county-level age-
adjusted suicide rates, with county-level associations becoming 
more salient with longer lag periods. Across population sub-
groups, we found no evidence of a state-level association 
among non-Hispanic White people or women. In addition, we 
found evidence that depression and county-level social capital 
partially mediated the state-level association by social capital.

Higher levels of civic and political participation at the 
state level might influence policies related to income inequal-
ity and availability of mental health services. Furthermore, 
our county-level findings are consistent with the ecological 
findings of Recker and Moore,8 who observed an inverse 
association. Social capital at the county level may reflect the 
capacity for local social organizations to foster social 

Table. Coefficient estimates from multivariate linear regression analysis assessing state-level social capital (1990s) as a predictor of 
county-level age-adjusted pooled suicide mortality rates (2010-2017) in the United Statesa

Characteristics βb,c (95% CI) [P value]d Adjusted R2
No. of counties 

included

State-level social capital
(overall sample)

−0.87 (−1.72 to −0.03) [.04] 0.48 2112

State-level covariates

 � Median annual household income −0.0001 (−0.0003 to 0) [.06]

 � Population density 0.001 (−0.002 to 0.003) [.68]

 � Unemployment rate −177.76 (−292.17 to −63.06) [.002]

 � Percentage non-Hispanic Black population −1.82 (−7.08 to 3.43) [.49]

 � Percentage aged ≥65 −33.88 (−68.24 to 0.47) [.05]

 � Percentage high school graduates 0.15 (−0.02 to 0.33) [.08]

 � Firearm ownership rate 16.02 (11.85 to 20.19) [<.001]

 � Marriage rate 0.06 (−0.02 to 0.15) [.15]

County-level covariates

 � Median annual household income −0.0001 (−0.0001 to −0.0001) [<.001]

 � Population density −0.00008 (−0.00015 to −0.00002) [.01]

 � Unemployment rate 53.65 (−3.97 to 111.28) [.07]

 � Percentage non-Hispanic Black population −8.39 (−11.69 to −5.09) [<.001]

 � Percentage aged ≥65 13.01 (1.19 to 24.82) [.03]

 � Percentage high school graduates 10.09 (2.25 to 17.95) [.01]

 � Percentage below federal poverty level −3.95 (−15.84 to 7.94) [.51

State-level social capital (non-Hispanic Black) −1.78 (−2.19 to −1.37) [<.001] 0.65 1342

State-level social capital (non-Hispanic White) −0.57 (−1.66 to 0.52) [.30] 0.53 1984

State-level social capital (men) −0.95 (−1.78 to −0.11) [.03] 0.63 2000

State-level social capital (women) −0.26 (−0.76 to 0.25) [.32] 0.31 1523

aData sources: Centers for Disease Control and Prevention,10 Kim et al,11 Rupasingha et al,12 US Census Bureau,13 Schell et al,14 and Centers for Disease 
Control and Prevention.15

bAll reported β estimates for state-level social capital are rescaled to reflect a 1-standard deviation change.
cAll models are adjusted for unemployment rate, median annual household income, percentage of non-Hispanic Black population, percentage of population 
aged ≥65, percentage of high school graduates, and population density at both county and state levels; firearm ownership rate and marriage rate at the 
state level; and percentage of population below the federal poverty level at the county level.
dUsing a 2-tailed t test, with P < .05 considered significant.
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support among their residents. In addition to offering people 
an opportunity to discuss their suicidal thoughts and inter-
vene in the situation of a suicidal crisis, cognitive social cap-
ital (eg, trust and sense of belonging) could protect against 
both depression19 and suicide risk.20

The absence of an association between state-level social 
capital and suicide mortality among women has been 
described7,21 and may be explained by family relationships 
promoting women’s mental health better than social relation-
ships outside the home.22 Our findings contrast with the find-
ings of Smith and Kawachi,7 who observed no association 
between state-level social capital and suicide mortality 
among non-Hispanic Black men but a significant association 
among non-Hispanic White men and women. These conflict-
ing findings call for further inquiry into the relationships by 
racial/ethnic lines.

One strength of our study was that, to our knowledge, it is 
the first to examine the lagged multilevel associations of 

state- and county-level social capital with county-level sui-
cide rates. Another strength is that we controlled for key 
state- and county-level factors, thereby minimizing residual 
confounding, and we used time lags to explore the most 
salient time periods for effects. Finally, the temporal order of 
our data reduced the risk of reverse causation.

Our study also had several limitations. First, our findings may 
not be generalizable to counties with low or unreliable suicide 
rates, including counties with small populations, although our 
sensitivity analysis did not support the presence of selection bias. 
Second, our models did not account for individual-level charac-
teristics, which could have contributed to residual confounding. 
Finally, our causal mediation models excluded several covariates 
to achieve convergence, which may have contributed to model 
misspecification.

Overall, our findings suggest several future directions to 
strengthen the evidence base on the association between social 
capital and the occurrence of suicide mortality. First, our results 

Figure. Coefficient estimates from multivariate linear regression analysis of county-level social capital (for years 1990, 1997, 2005, 2009, 
and 2014) and county-level age-adjusted pooled suicide rates (2010-2017), United States. All reported β estimates are rescaled to reflect 
a 1-standard deviation change. All models are adjusted for unemployment rate, median annual household income, percentage of non-
Hispanic Black population, percentage of population aged ≥65, percentage of high school graduates, and population density at both the 
county and state levels; firearm ownership rate and marriage rate at the state level only; and percentage of population below the federal 
poverty level at the county level. Significance was measured using a 2-tailed t test, with P < .05 considered significant. Data sources: Centers 
for Disease Control and Prevention,10 Kim et al,11 Rupasingha et al,12 US Census Bureau,13 Schell et al,14 and Centers for Disease Control 
and Prevention.15
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call for evaluating the causal nature and underlying individual 
mechanisms of the relationship between social capital and sui-
cide. Second, we observed lagged associations for both state- and 
county-level social capital, which may suggest various mecha-
nisms operating at various geographic levels. Delineating such 
mechanisms would be useful. Lastly, our findings point to the 
need to develop and evaluate policies and initiatives that promote 
social capital at more local geographic levels (eg, initiatives that 
increase civic engagement and social trust), which may serve as 
effective levers to address the growing suicide epidemic in the 
United States.
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