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level 2 trust (see supplementary appendix table A2). All analyses 
were performed in Stata (V.15).32 The GSS probability weight 
WTSSALL was employed throughout except in our robustness 
check (as weighting is not allowed in models with the Bayes 
prefix in Stata).

RESULtS
Table  1 shows generalised trust stratified by our covariates. 
Approximately one-third of respondents (37%) trusted others, 
with ‘trusters’ predominantly being white, educated, married 
and materially affluent survey participants.

Contextually, the South stands out as an environment with 
particularly low social cohesion (table 2). Only 29% of respon-
dents in West South Central and 27% of respondents in East 
South Central agree with the statement that most people can 
be trusted. Conversely, about 49% of inhabitants in West North 
Central tended to trust other people. A more detailed look at the 
distribution of trust across the 90 contextual (level 2) variables 
(see  online supplementary appendix table A1) shows that, on 
average, people living in big cities are less trusting than those 
living in the suburbs and in smaller sized communities.

Model 1 (table 3) tested the association between level 2/level 
1 trust (centred around grand/group means), controlling for age. 
We found support for an association between trust and mortality, 
with trusting respondents having a 17% lower risk of dying 

over the observation time than their distrusting counterparts 
(HR=0.83, 95%  CI 0.79 to 0.87). Irrespective of individual 
trust levels, respondents from high-trust contexts had lower 
mortality than those from low-trust regions (and vice versa). We 
further ran a modified version of model 1 including a random 
coefficient for level 1 trust and a cross-level interaction between 
level 2 and level 1 trust (results not shown). However, no signif-
icant interaction was observed, nor any evidence for meaningful 
variation in level 1 trust.

Model 2 (table 3) considered level  1 and level 2 trust, age, 
sex, race, education, marital status and household income as 
confounders. The statistically significant association between 
mortality and level  1 and level  2 trust remained (HR=0.92, 
95%  CI 0.88 to 0.97; and HR=0.96, 95%  CI 0.93 to 0.99, 
respectively). Again, we did not find support for the presence 
of a cross-level interaction between level 2 trust and level 1 trust 
in a modified version of model 2 (not shown). An intraclass 
coefficient of 0.016 (1.6%) was derived from the partitioned 
variance of the empty model. Model 2 (table 3) accounted for 
73% of this level 2 variation. We further tested an interaction 
between respondents’ gender and generalised trust, finding no 
evidence for an effect modification of the trust-mortality associa-
tion by gender. Neither did we find significant interaction effects 
between trust and any of our covariates (results not shown).

In table 4 (model 3.1), we used the same covariates as model 
2, while also controlling for the contextual units’ mean income 
and their income inequality to test if associations between 
contextual trust and mortality still held. Mirroring results else-
where,19 level  2 trust demonstrated a strong correlation with 
income inequality and a modest correlation with mean income. 
When adjusting for level 2 income inequality and mean income, 
the model still yielded a statistically significant HR regarding 
level  2 trust. Given its borderline significance (z-value=1.96), 
we ran model 3.2 within a Bayesian framework  (table  4). 
Using MCMC estimation with a 15 000 burn-in and a chain of 
approximately 270 000 iterations (model acceptance rate=0.33, 

Table 1  Generalised trust, strati�ed by covariates
Share of trusters (percentage) n

Overall 37.82 25 270
Sex

 � Female 35.87 13 855
 � Male 40.18 11 415

Race
 � Black 15.41 3226

 � White 42.26 20 601
 � Other 24.39 1443

Degree
 � Less�than high school 21.98 4340

 � High school 35.08 13 348
 � Junior college 37.21 1634

 � Bachelor 53.42 4073
 � Graduate 60.53 1875

Marital status
 � Married 42.34 13 355

 � Widowed 36.74 1704
 � Divorced 35.22 3663

 � Separated 24.12 912
 � Never married 31.32 5636

Household income 
(measured as a continuous 
variable in multilevel 
models)
 � Lowest quartile (poorest) 23.93 6096

 � 2nd quartile 33.31 6295
 � 3rd quartile 42.28 6363

 � Highest quartile (richest) 50.80 6516

Source: GSS�NDI (1978�2010).
 n, 25 270; 
NDI,�National Death Index; GSS, General Social Survey.

Table 2  Distribution of trust across US Census Divisions
US Census Division Share of trusters (percentage) n

New England* 46.75 1183
Middle Atlantic� 37.67 3401

South Atlantic� 32.51 4804
East North Central§ 41.02 4620

East South Central¶ 27.03 1728
West North Central** 48.52 1923

West South Central�� 28.85 2399
Mountain�� 44.33 1737

Paci�c§§ 40.37 3475

The US Census Division units comprise the following US states:�
*New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island�and 
Vermont�.
�Middle Atlantic: New Jersey, New York�and Pennsylvania.
�South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North 
Carolina, South Carolina, Virginia�and West Virginia.
§East North Central: Indiana, Illinois, Michigan, Ohio�and Wisconsin.
¶East South Central: Alabama, Kentucky, Mississippi�and Tennessee.
**West North Central: Iowa, Nebraska, Kansas, North Dakota, Minnesota, South 
Dakota�and Missouri.�
��West South Central: Arkansas, Louisiana, Oklahoma�and Texas.�
��Mountain: Arizona, Colorado, Idaho, New Mexico, Montana, Utah, Nevada�and 
Wyoming.�
§§Paci�c: Alaska, California, Hawaii, Oregon�and Washington,
Data source: GSS�NDI (1978�2010). n=25 270.
NDI,� National Death Index; GSS, General Social Survey. 
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efficiency  <0.03 for all model parameters; effective sample 
size  >200 for all coefficients), we found further evidence for 
a robust association between contextual trust and mortality 
(HR=0.96; 95% credible interval 0.94–0.98). From our sepa-
rate level 1 and level 2 trust models (see supplementary appendix 
table A2), level 1 trust had a stronger association with individual 
mortality than level 2 trust. However, both are relatively similar 
in terms of effect size.

DiScUSSiON
The aim of this study was to investigate associations between 
individual-level and aggregate-level generalised trust and 

all-cause mortality in the USA. Using pooled (1978–2010) US 
GSS data (NT=25 270) merged with National Death Index data 
(events=6424 by 2014) and applying multilevel parametric 
Weibull survival regression, we found a significant negative asso-
ciation between generalised trust (at both levels) and mortality 
that held in a fully adjusted Bayesian MCMC model (see table 4, 
model 3.2). Furthermore, and contradicting previous findings 
from Denmark and Finland, we found no evidence of any effect 
modification by gender.23–25

Table 3  Determinants of all-cause mortality: results from multilevel 
parametric Weibull proportional hazard regression models (HRs and 
95% CIs)

Model 1 Model 2

HR 95% CI HR 95% CI

Individual level
Generalised trust (group-
mean centred)

0.83 0.79 to 0.87 0.92 0.88 to 0.97

Age 1.07 1.07 to 1.08 1.07 1.07 to 1.08
Race

 � Black (ref: white) 1.24 1.13 to 1.36

 � Other race 1.03 0.91 to 1.16
Sex

 � Female (ref: male) 0.69 0.65 to 0.73
Degree

 � Less than high school
 � High school (ref:)

1.21 1.13 to 1.29

 � Junior college 0.84 0.73 to 0.97

 � Bachelor 0.84 0.77 to 0.91
 � Graduate 0.87 0.78 to 0.97

Marital status
 � Married (ref.)

 � �  Widowed 1.22 1.14 to 1.31
 � �  Divorced 0.99 0.92 to 1.08

 � �  Separated 1.11 0.97 to 1.26
 � �  Never married 1.32 1.21 to 1.44

Income
 � Household income (in 

10 000 constant 1986 
US$, group-mean 
centred)

0.94 0.93 to 0.96

Contextual level
 � Generalised trust (level 

2, aggregated level�1 
trust, z-standardised)

0.93 0.90 to 0.96 0.96 0.93 to 0.99

 � Ln(p) 0.504 0.512
 � Residual variance 

(level 1)
0.600 0.593

 � Residual variance 
(level 2)

0.006 0.004

 � Level�2 variance 
explained

60% 73%

Residual variance, level 1=0.921; residual variance, level�2=0.015
Data source: GSS�NDI: n=25 270; number of failures=6424. Data weighted with 
WTSSALL.
Statistically signi�cant coef�cients (p<0.05) boldfaced.�
NDI, National Death Index; GSS, General Social Survey. 

Table 4  Determinants of all-cause mortality: results from multilevel 
parametric frequentist versus Bayesian Weibull proportional hazard 
regression models (HRs with 95% CI�and credible interval, respectively)

Model 3.1 Model 3.2

Frequentist Bayesian

HR 95% CI HR 95% CI

Individual level
 � Generalised trust 

(group-mean centred)
0.92 0.88 to 0.97 0.94 0.91 to 0.98

 � Age 1.07 1.07 to 1.08 1.07 1.07 to 1.08
Race

 � Black (ref: white) 1.24 1.13 to 1.36 1.20 1.13 to 1.28
 � Other race 1.03 0.91 to 1.16 1.05 0.97 to 1.13

Sex
 � Female (ref: male) 0.69 0.65 to 0.73 0.69 0.67 to 0.72

Degree
 � Less than high school
 � High school (ref:)

1.21 1.13 to 1.29 1.21 1.17 to 1.26

 � Junior college 0.84 0.73 to 0.97 0.89 0.81 to 0.97
 � Bachelor 0.84 0.77 to 0.91 0.89 0.85 to 0.92

 � Graduate 0.87 0.78 to 0.97 0.82 0.77 to 0.88
Marital status

 � Married (ref.)
 � �  Widowed 1.22 1.14 to 1.31 1.23 1.15 to 1.32

 � �  Divorced 0.99 0.92 to 1.08 0.99 0.95 to 1.04
 � �  Separated 1.05 0.97 to 1.26 1.11 1.00 to 1.10

 � �  Never married 1.32 1.21 to 1.44 1.26 1.21 to 1.33
Income

 � Household income 
(group-mean centred)

0.94 0.93 to 0.96 0.94 0.93 to 0.95

Contextual level

 � Generalised trust 
(z-standardised)

0.96 0.93 to 0.99* 0.96 0.94 to 0.98

 � Income inequality 
(GINI-coef�cient, 
z-standardised)

0.99 0.96 to 1.03 1.00 0.98 to 1.02

 � Mean income 
(z-standardised)

0.99 0.95 to 1.02 0.99 0.96 to 1.01

 � Ln(p) 0.512

 � Residual variance 
(level 1)

0.593

 � Residual variance 
(level 2)

0.004

 � Level�2 variance 
explained

73%

Notes: statistically signi�cant coef�cients (p<0.05) boldfaced.�Residual variance, 
level�1=0.921, residual variance, level�2= 0.015. Data source: GSS�NDI:�n=25 270; 
number of failures=6424. Data weighted with WTSSALL (model 3.1). 
*Full CI interval: 0.9252366- 0.999961.
NDI, National Death Index; GSS, General Social Survey. 
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