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ABSTRACT

Deaths of despair — alcohol-related, drug-related, and suicide mortality — have emerged as a major public health concern strongly linked to socioeconomic disad-
vantage. Yet much evidence relies on baseline or single-time-point measures and originates from contexts with weak social protection. Two questions remain
insufficiently addressed: how work-welfare trajectories are associated with mortality risk, and how risks vary across institutionalised forms of non-employment in
welfare-state contexts with strong social protection. Using linked Swedish administrative registers, we analysed 20,281 adults assessed with the Addiction Severity
Index (ASI) in municipal social services during 2013-2022 — a population combining severe substance-use problems with prolonged labour-market marginality. We
reconstructed annual work-welfare sequences over a ten-year window, identified trajectory clusters using sequence analysis, and estimated cause-specific mortality
using Fine-Gray competing-risks models. Five trajectories emerged: employment-attached, welfare-dependent, unstable employment, health-benefit-dependent, and
pension-anchored. In adjusted models, the welfare-dependent, unstable-employment, and health-benefit-dependent trajectories showed higher drug-related and non-
despair mortality than the employment-attached group. Alcohol-related mortality was higher only in the welfare-dependent trajectory, while suicide risk did not
differ across trajectories. Drug-related mortality gradients persisted after adjustment for baseline hospitalisation, time-varying hospitalisation, and self-reported
clinical severity. These findings suggest that in a decommodifying welfare-state context, non-employment is not a uniform exposure. Institutionally structured
work-welfare trajectories differentiate mortality risk, with gradients concentrated in substance-related deaths rather than suicide. The persistence of trajectory
gradients after health-severity adjustment is consistent with sustained marginalisation playing a role in mortality risk beyond individual-level clinical severity, and

identifies high-risk subgroups within social-service caseloads for targeted intervention.

1. Introduction

Work represents one of the most enduring social exposures across the
life course and a central determinant of health. Beyond income,
participation in paid work structures daily life and identity, providing
opportunities for sustained social interaction that shape exposure to
physical and mental health risks and access to protective resources
(Fujishiro et al., 2010; Berkman, 2014; Ahonen et al., 2018; Frank et al.,
2023; Pacca et al., 2025a). When stable employment deteriorates, these
material and non-material supports may erode in tandem, increasing
vulnerability to psychological distress, social disconnection, and harm-
ful coping strategies (Bjorklund, 2023; Dupéré et al., 2024; Blanchflower
and Bryson, 2026).

One influential framework linking long-term labour-market disrup-
tion to premature mortality is the concept of deaths of despair (DoD),
encompassing alcohol-related mortality, drug-related mortality, and
suicide (Case and Deaton, 2015, 2020, 2022). Originally developed to
explain stagnating life expectancy in the United States, the DoD
framework posits that these causes of death share determinants rooted

in eroded economic prospects and social marginalisation. Employment
instability, precarious work, and cumulative socioeconomic strain may
undermine future-oriented expectations and social integration, fostering
hopelessness and maladaptive responses — particularly harmful sub-
stance use — that increase mortality risk.

The proposition that alcohol-related mortality, drug-related mortal-
ity, and suicide share a common underlying etiology remains debated
(Ruhm, 2022; Gutin et al., 2023; Zheng and Choi, 2024). Nonetheless,
the DoD framework has powerfully shaped research agendas and public
debate, and has prompted calls for comparative analyses examining how
despair-related mortality manifests across different institutional settings
(King et al., 2022). Subsequent research has documented similar pat-
terns in other English-speaking countries (Augarde et al., 2022; Cama-
cho et al., 2024; Loverock et al., 2024) as well as in more comprehensive
welfare-state settings, including Northern Europe (Heggebg and
Ljunggren, 2025; Hogberg et al., 2025).

While early research has primarily documented the scale and dis-
tribution of despair-related mortality, more recent studies have exam-
ined specific socioeconomic stressors as individual-level risk factors.
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This literature has emphasised education-linked life chances (Gaydosh
et al., 2019; Siddiqi et al., 2019; Hogberg and Scarpa, 2025; Bulczak
et al., 2025), labour-market exclusion and unemployment (Gutin and
Hummer, 2020; Glei et al., 2024), job precarity and low-wage employ-
ment (Bjorklund, 2023; Dupéré et al., 2024; Blanchflower and Bryson,
2026), and financial and material hardship (Fishman and Gutin, 2021;
Choi et al., 2022; Park et al., 2023).

Despite these advances, two limitations remain. First, much of the
longitudinal evidence operationalises socioeconomic disadvantage
using one or a small set of baseline measures and then estimates sub-
sequent mortality risks. While informative about risk gradients, such
approaches restrict exposure measurement to specific time points or
average across periods, thereby concealing heterogeneity in the cumu-
lative duration, persistence, and sequencing of disadvantage over time.
Life-course perspectives on health inequalities emphasise the impor-
tance of treating socioeconomic exposures as dynamic histories rather
than static attributes (Ben-Shlomo and Kuh, 2002; Willson et al., 2007;
Vable et al., 2020). Approaches that treat disadvantage as a long-run
exposure history, rather than a baseline indicator, are therefore
needed to identify which patterns of labour-market disadvantage are
more strongly associated with despair-related mortality. This entails
reconstructing long-term labour-market trajectories - including
welfare-receipt states — as integrated sequences, capturing not only
whether individuals occupy a given state at a particular moment, but
how states combine, persist and shift over time (Mathew et al., 2024;
Pacca et al., 2025a, 2025b).

Second, DoD research has largely extended a U.S.-centred framing of
key socioeconomic stressors to other national settings, without fully
engaging with how welfare-state institutions structure non-employment
into distinct institutional forms with potentially different health profiles.
Welfare regimes vary considerably in the extent to which individuals can
maintain a socially acceptable living standard independent of labour
market participation, i.e., their degree of decommodification
(Esping-Andersen, 1990). In population-health terms, higher decom-
modification reduces the extent to which labour-market shocks translate
into material hardship and social exclusion, with consequences for
health (Bambra, 2011; Brennenstuhl et al., 2012; Bambra et al., 2018).
For DoD research, a key implication is that the experience of
non-employment depends on how welfare institutions organise and
channel it, both across welfare states and within a given welfare state. In
more decommodifying systems, non-employment is not a uniform con-
dition but a set of institutionally defined states — e.g., unemployment
insurance, sickness absence, disability-related benefits, and
means-tested support — that differ in eligibility rules, conditionality and
monitoring, stigma, and the degree to which they reflect underlying
health selection. Accordingly, these institutionally defined states may be
associated with distinct mortality risks (Weitoft et al., 2008; Naper,
2009; Bjorkenstam et al., 2014). Furthermore, even where welfare
benefits mitigate material hardship, prolonged detachment from paid
work may still involve losses of social role, daily routine, and social
integration that are consequential for health. Extending DoD research
beyond its U.S. origins thus requires closer attention to institutionalised
work-welfare trajectories, particularly in settings with strong social
protection.

This paper addresses these gaps by examining how work-welfare
trajectories unfold and cluster over time and how they relate to
despair-related mortality during follow-up in a decommodifying
welfare-state setting. Sweden provides a theoretically informative case
because non-employment is channelled through a differentiated set of
welfare programmes. This institutional structure allows us to examine
whether and how patterns of transitions and persistence across
employment and welfare-benefit states are associated with mortality
risk under conditions of strong social protection. A further advantage is
that Swedish population registers provide high-resolution data, enabling
reconstruction of these states over extended periods and analysis of the
timing, duration, and sequencing of work and welfare exposures.
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We focus on individuals receiving Addiction Severity Index (ASI)
assessments within municipal social services. In Sweden, the ASI
assessment typically marks entry into a social service system that
disproportionately serves individuals facing compounded disadvan-
tages, including severe substance-use problems, labour-market margin-
alisation, and sustained welfare-state contact (Stenius et al., 2010;
Lindner et al., 2024; Scarpa et al., 2025). Although this population is
institutionally selected, it is well suited to addressing the two limitations
identified above. First, despite shared substance-use problems and high
baseline risk, individuals exhibit substantial heterogeneity in the timing,
duration, and sequencing of work-welfare trajectories, allowing us to
examine how different temporal patterns of marginalisation relate to
subsequent mortality within this high-risk group. Second, sustained
welfare-state contact means that non-employment is channelled through
institutionally distinct welfare programmes that are observable in pop-
ulation registers, enabling analysis of how institutionalised
work-welfare trajectories are associated with despair-related mortality
risk under conditions of severe disadvantage.

Within this group, we address two research questions. First, what
distinct work-welfare trajectory types characterise individuals assessed
for severe substance use problems in Sweden during 2013-2022, and
how is trajectory membership patterned by gender, age, and immigrant
background? Second, how are trajectory types associated with subse-
quent cause-specific mortality risks, including alcohol-related, drug-
related, suicide, and non-despair-related deaths?

2. Study setting

Sweden provides a theoretically informative setting for examining
how patterns of work and welfare exposure relate to despair-related
mortality. Conditions central to DoD research — substance use, pro-
longed non-employment, and welfare dependence - are managed
through a highly developed social-service infrastructure with institu-
tionally differentiated pathways. Responsibility for support and treat-
ment for substance use problems is divided between regional healthcare,
which provides medical and psychiatric treatment, and municipal social
services, which hold primary responsibility for psychosocial assessment,
care coordination, and last-resort economic support through means-
tested social assistance. Although both systems are universalistic in
principle, municipal social services tend to engage a more socially and
economically marginalised subset of people with substance use prob-
lems, reflecting selective pathways into this service layer (Stenius et al.,
2010).

Within municipal social services, the Addiction Severity Index (ASI)
is the dominant assessment instrument and is used by social services in
approximately 90% of Swedish municipalities (Lindner et al., 2024;
Scarpa et al., 2025). Developed in the United States (McLellan et al.,
1980) and subsequently adopted in Sweden (Tengvald et al., 2004), the
ASI is a standardised multi-domain assessment used when problematic
substance use is suspected or confirmed. In this study, ASI assessment
serves as an entry marker identifying individuals who have formally
entered this institutionally selective social service layer. ASI assessments
disproportionately involve clients with extensive social and economic
disadvantage. Comparative work suggests that this pattern of selective
entry may be stronger in Sweden than in the United States (Stenius et al.,
2010), consistent with municipal social services responsible for sub-
stance use functioning as a last-resort safety net for highly marginalised
clients.

Prior research confirms the high level of disadvantage in this popu-
lation. Around half of individuals receiving ASI assessments are without
employment, and only about one-third are employed five years later
(Lindner et al., 2024). Moreover, factors typically protective in the
general population, such as educational attainment, appear to provide
limited protection within this highly selected group (Scarpa et al.,
2025). Mortality risk is high and socially patterned, with higher
substance-related mortality among native-born than
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immigrant-background clients and among men than women (Lundgren
et al., 2019; Scarpa et al., 2023). Taken together, this body of evidence
indicates that ASI-assessed clients combine severe substance-use prob-
lems with prolonged labour-market marginality and sustained
welfare-state contact, placing them at the intersection of key pre-
conditions emphasised in DoD research.

3. Methods
3.1. Study design

This retrospective cohort study examines how long-term labour-
market and welfare trajectories are associated with despair-related
mortality among individuals assessed for substance-use severity in
Sweden. The cohort consisted of individuals assessed with the Addiction
Severity Index (ASI) by Swedish municipal social services between 2013
and 2022. Using linked national register data, we reconstructed annual
sequences of labour-market and welfare states for the period 2013-2022
and examined how these trajectory patterns were related to mortality
occurring during the same observation window.

3.2. Data sources and study population

This study draws on baseline ASI assessment data from 85 Swedish
municipalities participating in a coordinated data collection effort.
Participating municipalities overrepresent larger urban areas, with a
mean population size in 2023 of 68,879 (SD = 129,515), compared with
36,406 (SD = 76,395) across all 290 Swedish municipalities. ASI as-
sessments conducted between 2013 and 2022 were included, corre-
sponding to the period for which linked register data permitted
construction of complete annual work and welfare sequences.

Individual-level ASI data were linked to national population registers
using pseudonymized identifiers. Information on mortality, including
underlying and contributing causes of death, was obtained from the
Cause of Death Register, with follow-up extending from 1 January 2013
through 31 December 2022. Annual information on employment, in-
come, and receipt of social insurance and welfare benefits was retrieved
from the Longitudinal Integration Database for Health Insurance and
Labour Market Studies (LISA). Demographic characteristics and
emigration dates were obtained from the Total Population Register.

The initial ASI database comprised 24,004 individuals. We excluded
individuals younger than 18 years at the start of the observation period
in 2013 (n = 2,524), those with any recorded emigration during follow-
up (n = 1,166), individuals who died in 2013 prior to accumulating
observation time (n = 30), and individuals with incomplete register
linkage (n = 3). The final analytical cohort consisted of 20,281 in-
dividuals, contributing a total of 202,810 person-years of follow-up. A
detailed overview of inclusion and exclusion criteria is provided in
Fig. Al.

3.3. Exposure

3.3.1. State definition and sequence construction

Our exposure was membership in work-welfare trajectory clusters,
derived using sequence and cluster analysis (Gabadinho et al., 2011;
Raab and Struffolino, 2022; Pacca et al., 2025b). We first classified each
individual's annual labour-market and welfare position into one of nine
mutually exclusive states for each calendar year 2013-2022 (10 annual
observations). These states distinguish between institutionally recog-
nised and expected life-course positions — i.e., ‘standard’ states such as
employment, study, or receipt of old-age pension - and positions
reflecting reduced or disrupted labour-market attachment - i.e.,
‘non-standard’ states such as unemployment, health-related benefit
receipt, means-tested social assistance, and inactivity. This distinction is
substantively meaningful in the ASI-assessed population. Compared
with the general population, ASI-assessed individuals spend a
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substantially larger share of time in states characterised by
labour-market detachment and welfare dependence (Lindner et al.,
2024), which often signal cumulative social and economic disadvantage.
By contrast, employment-, study-, and pension-based states generally
correspond to more integrated and institutionally secure positions
within the Swedish labour market and welfare system.

Sequences were constructed at an annual resolution for calendar
years 2013-2022. To enforce mutual exclusivity in years where multiple
states were observed, we applied a hierarchical prioritisation rule. Death
was assigned highest priority and coded as an absorbing state, followed
by old-age pension, then unemployment. Health-related benefit receipt
was then prioritised, distinguishing between benefits with and without
concurrent employment or study. Study and employment were priori-
tised over means-tested benefits, and inactivity (corresponding to zero
disposable income) was treated as a residual category when no other
state was present. State definitions and prioritisation rules follow
established practice in Swedish register-based research using linked
administrative data (Bornscheuer et al., 2025; see Supplementary File B
for full definitions).

3.3.2. Sequence dissimilarity

To quantify similarity between individuals’ work-welfare trajec-
tories, we computed pairwise sequence dissimilarities using Optimal
Matching (OM) implemented in the TraMineR package in R (Gabadinho
et al., 2011). Substitution costs were derived from transition-rate-based
(TRATE) costs, a data-driven approach in which frequently observed
transitions receive lower costs and rare transitions receive higher costs,
ensuring that dissimilarity reflects empirically observed mobility pat-
terns in our data rather than arbitrary cost assignments (Studer and
Ritschard, 2016). The insertion-deletion (indel) cost was set to the me-
dian substitution cost (1.96, with substitution costs ranging from 1.61 to
2.00), thereby anchoring indel costs to the empirical distribution of
data-driven substitution costs.

3.3.3. Cluster analysis and selection of the number of clusters

Cluster analysis proceeded in two steps. We first applied Ward's hi-
erarchical clustering to the sequence dissimilarity matrix and then
refined the resulting partition using partitioning around medoids
(PAM), initialised from the Ward-derived solution. This combined
approach improves cluster compactness by reassigning cases around
observed medoid sequences (Studer and Ritschard, 2016; Raab and
Struffolino, 2022; Pacca et al., 2025b).

We evaluated solutions from k = 2 to k = 10 using multiple cluster-
quality indices (Table C1). Because no single index uniquely identifies
an optimal partition, we combined statistical performance with two
substantive criteria: (i) interpretability of cluster profiles and (ii) a
minimum cluster size threshold (>10% of the sample) to support stable
estimation in subsequent regression and survival models.

Among the most plausible solutions, k = 4 achieved strong metric
performance but merged welfare-dependent and unemployment/
unstable-employment trajectories into a heterogeneous cluster
(Table C2, Panel A), reducing interpretability. The k = 6 solution
separated these patterns but produced an additional small cluster
dominated by death (4.5% of the sample; Table C2, Panel C), which fell
below the minimum-size threshold and would risk defining a trajectory
type on the basis of the mortality outcome. The k = 5 solution provided
an interpretable partition with all clusters exceeding 10% and distinct
profiles centred on employment attachment, unemployment/instability,
means-tested dependence, health-related benefits, and pension receipt
(Table C2, Panel B). We therefore selected k = 5 for all analyses.

The five clusters represent distinct work-welfare trajectories (Fig. 1).
Employment-attached (48.2%) showed sustained employment with
limited welfare receipt. Welfare-dependent (13.4%) was characterised by
persistent means-tested assistance and low employment. Pension-
anchored (11.1%) reflected standard retirement trajectories among older
individuals. Unstable employment (17.1%) captured frequent cycling
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Employment and Welfare Trajectories by Cluster

Cluster 1: Welfare-dependent
(n=2,712, 13.4%)

Cluster 2: Employment-attached
(n =9,773, 48.2%)

T T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cluster 3: Pension-anchored
(n=2,259, 11.1%)

r T T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cluster 4: Unstable employment
(n = 3,469, 17.1%)

r T T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cluster 5: Health benefits
(n = 2,068, 10.2%)

r T T T T T T T T 1

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

T 1
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

States:
MW Death B Meanstested
B Employment B Pension
Bl Health O Study
B Health+Emp. E Unemployment
B Inactive

Fig. 1. Sequence index plots for the five labour-market and welfare trajectory clusters (2013-2022). Note: Each horizontal line represents one individual's annual
sequence of labour-market and welfare states (2013-2022). Colours denote the nine mutually exclusive states (Table B1). Panels show the five trajectory clusters. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

between unemployment and short employment spells. Health-benefit-
dependent (10.2%) was defined by extended reliance on sickness and
disability-related benefits.

3.4. Outcomes

The outcome was cause-specific mortality, classified into four
mutually exclusive categories: alcohol-related deaths, drug-related
deaths, suicide, and non-despair-related deaths. The first three cate-
gories constitute despair-related mortality, following established defi-
nitions in prior research (Case and Deaton, 2015, 2020, 2022). ICD-10
codes used to identify each cause are presented in Table D1. Causes of
death were ascertained from the Swedish Cause of Death Register. We
first examined the underlying cause of death. When the underlying
cause did not meet the despair-related criteria, we searched contributing
causes for relevant ICD-10 codes. This approach captures deaths in
which substance use or suicide contributed to mortality even when
another condition was recorded as the underlying cause, thereby
improving ascertainment of despair-related deaths. Using this proced-
ure, we identified 1,153 despair-related deaths (64.3% of 1,793 total
deaths), including 909 based on underlying causes and 244 based on
contributing causes. For 56 individuals with multiple despair-related
contributing causes, we applied a pre-specified tie-break rule and
assigned the first-listed contributing cause in the register. The remaining
640 deaths were classified as non-despair-related.

3.5. Covariates

We adjusted for sex (female/male, as recorded in registers), age,
immigrant background, and ASI assessment year to account for

differences in demographic composition and assessment timing across
trajectory clusters, and to assess whether mortality gradient persist
beyond these compositional differences. Age was measured at the start
of the sequence window (2013) and included as a time-invariant co-
variate. Immigrant background was derived from individuals' and par-
ents’ countries of birth and classified into three categories: native
background (born in Sweden to two Sweden-born parents), Global North
background (high-income countries), and Global South background
(low- and middle-income countries). For second-generation immigrants
with mixed parental origins, we assigned immigrant background based
on the following priority: Global South > Global North > native
background.

ASI assessment year (2013-2022) was included to account for tem-
poral variation in entry into the municipal social service system and
cohort differences in the composition of ASI-assessed clients across the
study period. Prior research suggests that assessment timing reflects
accumulated disadvantage rather than random occurrence (Stenius
et al., 2010). Earlier assessment may therefore indicate more severe or
earlier-onset marginalisation, whereas later assessment may reflect
delayed help-seeking or deterioration in previously stable
circumstances.

To address potential health selection into trajectories, we addition-
ally adjusted for pre-trajectory inpatient hospitalisation history using
linked records from the Swedish National Patient Register. Binary in-
dicators captured any despair-related hospitalisation during 2009-2012
(i.e., prior to 1 January 2013): alcohol-related, drug-related, and self-
harm-related. A broader specification further included binary in-
dicators for any pre-baseline psychiatric and somatic inpatient hospi-
talisation. Full variable definitions are reported in Supplementary File F.



S. Scarpa and B. Hogberg
3.6. Statistical analyses

Our analytical strategy proceeded in three steps. First, we examined
the demographic patterning of trajectory membership using multino-
mial logistic regression, with the five trajectory clusters as the outcome
and the employment-attached cluster as the reference category. Models
included gender, age, immigrant background, and ASI assessment year.
Second, we described mortality burden across clusters by calculating
crude and age-standardised mortality rates per 1,000 person-years for
each cluster and cause-of-death category. Person-years were calculated
as the time each individual contributed from 1 January 2013 until death
or 31 December 2022. To account for differences in age composition
across clusters, we used direct standardisation with the full cohort as the
standard population. Age-specific rates were calculated within six age
bands (18-24, 25-34, 35-44, 45-54, 55-64, 65+) and weighted by the
cohort age distribution to obtain age-standardised rates (Greenland and
Lasch, 2008). Third, we estimated associations between trajectory
cluster membership and cause-specific mortality using Fine-Gray sub-
distribution hazard models (Fine and Gray, 1999), treating
alcohol-related, drug-related, suicide, and non-despair mortality as
mutually exclusive competing events. Each cause was modelled sepa-
rately using calendar time as the time scale, with the
employment-attached cluster as the reference category and adjustment
for sex, age, immigrant background, and ASI assessment year. Results
are reported as subdistribution hazard ratios (sHRs) with 95% confi-
dence intervals.

4. Results
4.1. Predictors of trajectory cluster membership
Fig. 2 displays relative risk ratios (RRRs) from the fully adjusted

multinomial logistic regression, with the employment-attached cluster
as the reference category (full estimates in Table E1). RRRs above 1
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indicate higher likelihood of membership in the specified cluster
compared with the employment-attached cluster, whereas values below
1 indicate lower likelihood.

Membership in the welfare-dependent cluster was more common
among women (RRR = 1.25, 95% CI 1.14-1.37), older age (RRR = 1.02
per year, 95% CI 1.02-1.03), and immigrant background. Higher RRRs
were observed among first-generation immigrants (Global North:
RRR = 1.26, 95% CI 1.04-1.53; Global South: RRR = 1.21, 95% CI 1.03-
1.42) and, in particular, second-generation immigrants with a Global
North background (RRR = 1.65, 95% CI 1.46-1.86). For the unstable
employment cluster, women had lower relative risk of membership than
men (RRR = 0.67, 95% CI 0.61-0.74). Immigrant background was
associated with higher risks across groups, particularly among first-
generation immigrants with a Global South background (RRR = 2.30,
95% CI 2.04-2.59). Membership in the health-benefit-dependent cluster
was more common among women (RRR = 1.51, 95% CI 1.36-1.67),
older age (RRR = 1.05 per year, 95% CI 1.05-1.06), and second-
generation Global North background (RRR = 1.31, 95% CI 1.13-1.51).
First-generation Global South background was associated with lower
risk of membership (RRR = 0.78, 95% CI 0.63-0.97), possibly reflecting
healthy immigrant effects (Lundgren et al., 2019). Finally, membership
in the pension-anchored cluster was closely related to age (RRR = 1.17
per year, 95% CI 1.16-1.18) and, to a lesser extent, female sex
(RRR = 1.19, 95% CI 1.05-1.34). First-generation immigrants had lower
risks of membership (Global North: RRR = 0.71, 95% CI 0.57-0.88;
Global South: RRR = 0.41, 95% CI 0.29-0.58), whereas
second-generation immigrants with a Global South background had
higher risk (RRR = 1.84, 95% CI 1.21-2.79).

Across clusters characterised by reduced labour-market attachment,
later ASI assessment year was associated with lower relative risk of
membership: welfare-dependent (RRR = 0.86, 95% CI 0.85-0.87), un-
stable employment (RRR = 0.91, 95% CI 0.90-0.92), health-benefit-
dependent (RRR = 0.87, 95% CI 0.85-0.88), and pension-anchored
(RRR = 0.95, 95% CI 0.93-0.96). This pattern suggests that

Predictors of trajectory cluster membership

Welfare-dependent

Unstable employment
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Age (2013) :b
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Fig. 2. Associations between sociodemographic characteristics and trajectory cluster membership: Relative risk ratios from multinomial logistic regression. Note:
Estimates from multinomial logistic regression with employment-attached cluster as reference (see Table E1).
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individuals assessed earlier in the study period were more likely to have
already entered municipal social services under conditions of greater
cumulative disadvantage (Stenius et al., 2010), whereas those assessed
later were more likely to have spent a larger share of the observation
window in employment-attached states before entering the system.

4.2. Crude and age-standardized mortality rates by trajectory cluster

Mortality rates varied markedly across trajectory clusters (Table 1).
We report crude mortality rates to describe observed mortality burden,
and age-standardised rates to facilitate comparisons net of age compo-
sition. Differences between crude and age-standardised rates indicate
the extent to which cluster-level mortality reflects age structure rather
than trajectory-specific risk.

Crude all-cause mortality was lowest in the employment-attached
cluster (5.13 deaths per 1,000 person-years) and highest in the
pension-anchored cluster (17.16). Crude despair-related mortality was
higher in the welfare-dependent (8.69 per 1,000 person-years), health-
benefit-dependent (9.85), and unstable-employment (6.62) clusters than
in the employment-attached group (3.74). Drug-related mortality was
highest in the health benefits (5.49) and welfare-dependent (5.32)
clusters, whereas alcohol-related mortality peaked in the pension-
anchored cluster (4.95). Suicide mortality was comparatively similar
across clusters in crude terms (0.52-1.08).

After age standardization, all-cause mortality was highest in the
welfare-dependent cluster (13.12), followed by the health-benefit-
dependent (12.45) and unstable-employment (11.52) clusters,
compared with 6.14 in the employment-attached cluster. The pension-
anchored cluster's crude mortality (17.16) dropped substantially after
age adjustment (8.89), indicating that its high crude rate largely re-
flected older age composition.

Age-standardized despair-related mortality showed a similar pattern,
remaining substantially higher in the welfare-dependent (8.83) and
health-benefit-dependent (8.77) clusters than in the employment-
attached cluster (4.23). After age adjustment, drug-related mortality
remained highest in the health-benefit-dependent (5.37) and welfare-
dependent (5.02) clusters, while suicide mortality was highest in the
unstable-employment cluster (1.17). Alcohol-related mortality followed
a similar pattern to drug-related mortality, with age-standardized rates
highest in the welfare-dependent (2.88), health-benefit-dependent
(2.23), and unstable-employment (2.18) clusters. Notably, the

Table 1
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pension-anchored cluster's age-standardized alcohol-related mortality
(1.42) was the lowest across all clusters, representing a marked reversal
from its high crude rate (4.95).

Mortality risk was thus strongly patterned by trajectory type. After
age adjustment, clusters characterised by welfare dependence, labour-
market marginalisation, and health-related benefit receipt showed
higher all-cause and despair-related mortality than the employment-
attached cluster, indicating that these differences cannot be explained
by age composition alone.

4.3. Survival outcomes

To estimate associations between trajectory membership and cause-
specific mortality while accounting for competing causes of death, we
used Fine-Gray subdistribution hazard models. Fig. 3 displays adjusted
subdistribution hazard ratios (sHRs) for alcohol-, drug-, suicide-, and
non-despair mortality across trajectory clusters, with the employment-
attached group as the reference category. All models account for
competing causes of death and adjust for gender, baseline age, immi-
grant background, and ASI assessment year (full estimates in Table F1).
For ease of interpretation, we first summarise results by trajectory
cluster and then highlight cause-specific patterns common across
clusters.

Individuals in the welfare-dependent cluster showed higher alcohol-
related mortality (sHR = 1.43, 95% CI 1.05-1.96), drug-related mor-
tality (sHR = 2.48, 95% CI 1.98-3.10), and non-despair mortality
(sHR = 1.77, 95% CI 1.37-2.30), while suicide mortality did not differ
from the employment-attached group. The unstable employment cluster
showed higher drug-related mortality (sHR = 1.98, 95% CI 1.58-2.48)
and non-despair mortality (sSHR = 1.86, 95% CI 1.43-2.41), with no
statistically significant differences for alcohol-related or suicide mor-
tality. The health-benefit-dependent cluster showed substantial drug-
related mortality risk (sHR = 2.68, 95% CI 2.10-3.41) and higher non-
despair mortality (sHR = 1.56, 95% CI 1.19-2.03), but did not differ
significantly from the employment-attached cluster for alcohol-related
or suicide mortality. By contrast, the pension-anchored cluster showed
lower alcohol-related mortality (sHR = 0.40, 95% CI 0.28-0.58), with no
statistically significant differences for other causes.

Three patterns emerge from these models. First, drug-related mor-
tality was consistently higher across the three labour-market-
marginalised trajectories (welfare-dependent, unstable employment,

Mortality by trajectory cluster: counts, crude rates, and age-standardised rates per 1,000 person-years.

Trajectory cluster All deaths Despair-related deaths Alcohol-related Drug-related Suicide Other causes (non-despair) Person-years”
Absolute numbers

Welfare dependent 324 224 62 137 25 100

Employment-attached 492 359 102 170 87 133

Pension-anchored 364 158 105 42 11 206

Unstable employment 317 220 49 138 33 97

Health benefits 296 192 64 107 21 104

Total 1,793 1,153 382 594 177 640

Crude mortality rates (per 1,000 person-years)

Welfare dependent 12.57 8.69 2.41 5.32 0.97 3.88 25,771
Employment-attached 5.13 3.74 1.06 1.77 0.91 1.39 95,908
Pension-anchored 17.16 7.45 4.95 1.98 0.52 9.71 21,209
Unstable employment 9.53 6.62 1.47 4.15 0.99 2.92 33,253
Health benefits 15.18 9.85 3.28 5.49 1.08 5.33 19,502
Total 9.16 5.89 1.95 3.04 0.90 3.27 195,643
Age-standardized rates (per 1,000 person-years)”

Welfare dependent 13.12 8.83 2.88 5.02 0.94 4.29

Employment-attached 6.14 4.23 1.63 1.71 0.89 1.92

Pension-anchored 8.89 5.74 1.42 3.58 0.73 3.16

Unstable employment 11.52 7.24 2.18 3.90 1.17 4.27

Health benefits 12.45 8.77 2.23 5.37 1.16 3.68

@ Person-years vary because individuals contribute follow-up time until death or until the end of the 10-year observation window (2013-2022).
b Age-standardised rates calculated using direct standardisation with the full cohort as the standard population, applying age-specific rates across six age bands (18-

24, 25-34, 35-44, 45-54, 55-64, 65+).
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A) Demographic Adjustment
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B) Demographic + Baseline Despair-related Hospitalisation Adjustment
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Fig. 3. Adjusted subdistribution hazard ratios (sHRs) for cause-specific mortality by labour-market and welfare trajectory cluster under alternative adjustment
specifications. Note: Only coefficients for trajectory clusters are shown. Full model estimates are reported in Tables F1 (Panel A) and F2 (Panel B).

and health benefits), with sHRs approximately twice those of the
employment-attached group. Second, alcohol-related mortality showed
a more selective pattern: significantly higher only in the welfare-
dependent cluster and significantly lower only in the pension-
anchored group, with no significant differences in other clusters.
Third, suicide mortality did not differ significantly across clusters, sug-
gesting that within this high-risk population, work-welfare trajectories
shape despair-related mortality primarily through substance-related
deaths rather than suicide. Notably, the same three disadvantaged
clusters also showed higher non-despair mortality, indicating that
labour-market marginalisation is associated with broader health risks
beyond despair-related causes.

Taken together, these findings indicate that the excess mortality
observed in the welfare-dependent, unstable-employment, and health-
benefit-dependent clusters is not explained by demographic composi-
tion alone. Whereas the pension-anchored trajectory displayed mortality
patterns consistent with its older age profile, the three disadvantaged
trajectories showed persistently higher drug-related and non-despair
mortality even after demographic adjustment. Long-term labour-mar-
ket marginalisation and welfare dependence in these clusters thus
translates into substantially higher mortality risk.

Because health status may influence both trajectory membership and
mortality, we re-estimated all models with additional adjustment for
pre-baseline despair-related inpatient hospitalisation (Panel B, Fig. 3;
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Table F2). The hospitalisation indicators were strong cause-specific
predictors (e.g., prior self-harm: sHR = 3.54 for suicide; prior drug
hospitalisation: sHR = 2.91 for drug-related mortality). After this
adjustment, trajectory coefficients for drug-related mortality were
attenuated by approximately one-quarter but remained clearly above
unity (welfare-dependent sHR = 1.77; unstable employment
sHR = 1.70; health-benefit-dependent sHR = 1.94; all p < .001).
Additional adjustment for pre-baseline psychiatric and somatic hospi-
talisation produced only minor further changes (Table F3). E-value
analysis indicated that an unmeasured confounder would need associ-
ations of at least RR = 2.0 with both trajectory membership and drug-
related mortality to explain away the observed gradients (Table F4).

4.4. Sensitivity analyses

We conducted several sensitivity analyses to assess the robustness of
the main findings.

First, membership in welfare-dependent, health-benefit-dependent,
unstable-employment, and pension-anchored clusters declined across
assessment years. Because mean age at ASI assessment declined over
2013-2022 (Figure G1), we assessed whether these trends reflected
changing age composition or broader entry-cohort differences in who
reached municipal services and when. Using categorical assessment
year, we decomposed predicted changes in cluster membership from
2013 to 2022 into an age-composition component and a residual
component capturing entry-cohort differences net of age (Supplemen-
tary File G). Declines in welfare-dependent, health-benefit-dependent,
and unstable-employment membership were primarily driven by entry-
cohort differences rather than age composition. For unstable employ-
ment, the younger age profile of later assessment cohorts partially offset
the entry-cohort-driven decline. By contrast, the decline in the pension-
anchored cluster was largely attributable to age composition rather than
entry-cohort differences. Overall, declining membership in welfare-
dependent, health-benefit-dependent, and unstable-employment tra-
jectories primarily reflects substantive shifts in the characteristics of
individuals entering municipal services over the study period, rather
than changes in age composition.

Second, to assess sensitivity to analytical choices in the sequence
analysis, we re-estimated the trajectory typology under three alternative
specifications varying the dissimilarity metric and clustering procedure,
while holding state definitions constant (Supplementary File H). Using
Dynamic Hamming distance (the primary robustness check) with Ward
+ PAM, we recovered a five-cluster solution closely matching the main
typology, and the competing-risks estimates were consistent with the
main findings across outcomes. Optimal Matching with constant sub-
stitution costs (Ward-only) also recovered the same five trajectory types
with similar state distributions. Hamming distance, an alignment-free
metric less sensitive to sequencing and transition patterns, yielded a
four-cluster solution in which the welfare-dependent and unstable-
employment types merged, while the remaining three types were
retained. Overall, the trajectories associated with higher drug-related
mortality in the main analysis were reproduced either as distinct clus-
ters or as a combined counterpart, with consistent mortality patterns
where competing-risks models were re-estimated.

Third, to examine whether trajectory-mortality associations could be
accounted for by individual-level clinical severity not captured by
register-based hospitalisation indicators, we estimated competing-risks
models in a restricted subcohort of individuals assessed in 2013-2015
(N = 4,396 complete cases; Supplementary File L). ASI composite
scores provide self-reported measures of baseline severity across seven
domains (including substance use, physical and mental health,
employment, and social networks), designed to capture vulnerability
below the hospitalisation threshold and potentially preceding labour-
market disadvantage rather than resulting from it (cf. Bockerman and
[Imakunnas, 2009). After adjustment for both baseline hospitalisation
and all seven ASI composites, drug-related mortality remained higher in
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the three disadvantaged trajectories (sHR = 2.33-2.52, all p < .001),
even though ASI drug-use severity was a very strong independent pre-
dictor of drug-related mortality (sHR = 16.12, 95% CI 5.99-43.33).
These findings suggest that trajectory-mortality associations persist
after adjustment for baseline self-reported clinical severity.

Fourth, to address time-varying confounding by health status during
follow-up, we re-estimated competing-risks models in person-year
format (197,436 person-years) using lagged (t-1) hospitalisation in-
dicators to capture annual changes in clinical status, with robust stan-
dard errors clustered at the individual level (Supplementary File M).
Prior-year cause-matched hospitalisation was a stronger predictor of
mortality than baseline indicators (e.g., drug-related hospitalisation:
sHR = 5.20 for drug mortality). Trajectory coefficients for drug-related
mortality were reduced but remained above unity and statistically sig-
nificant: welfare-dependent sHR = 1.48, unstable employment
sHR = 1.55, and health-benefit-dependent sHR = 1.71. Because lagged
hospitalisation may lie partly on the pathway between sustained mar-
ginalisation and mortality (i.e., sustained marginalisation — acute
health crisis — death), these models may reflect both removal of time-
varying confounding and partial adjustment of a causal pathway. The
resulting estimates should therefore be interpreted as an upper bound on
the role of time-varying confounding.

5. Discussion

Deaths-of-despair research has linked socioeconomic disadvantage
to alcohol-, drug-, and suicide-related mortality, but evidence remains
limited on whether mortality risks vary across long-term work-welfare
trajectories and whether institutionally defined forms of non-
employment in protective welfare states are associated with distinct
mortality profiles. Using Swedish register data, we reconstructed ten-
year work-welfare trajectories among individuals assessed with the
Addiction Severity Index in municipal social services (2013-2022) and
examined how trajectory membership related to cause-specific mortal-
ity. Sweden is informative because non-employment is channelled
through a differentiated set of welfare programmes. Recent increases in
despair-related mortality suggest that strong social protection does not
necessarily preclude substantial mortality risks in some groups (Hogberg
et al., 2025). The ASI-assessed population offers a critical lens for
examining these dynamics because ASI assessments mark entry into a
service layer that selectively engages individuals with severe
substance-use problems, labour-market marginalisation, and sustained
welfare-state contact (Stenius et al., 2010). Within this group, the cen-
tral question is therefore not whether disadvantage exists, but how
different configurations of work, welfare receipt, and labour market
detachment unfold over time and translate into mortality risk.

Three key findings emerged. First, trajectory membership was
strongly patterned by gender, age, and immigrant background, with
earlier assessment linked to more disadvantaged trajectories. Second,
after age standardisation, premature mortality was concentrated in
three trajectories characterised by weak labour-market attachment:
welfare-dependent,  unstable-employment, and health-benefit-
dependent. Third, these mortality gradients were driven primarily by
drug-related deaths, with alcohol-related mortality higher only in the
welfare-dependent trajectory and suicide showing no differences across
trajectories. This cause-specific pattern is relevant to ongoing debates
about whether alcohol-related, drug-related, and suicide deaths share a
common social etiology (Ruhm, 2022; Gutin et al., 2023; Zheng and
Choi, 2024), and is consistent with divergence across causes. In the
ASl-assessed cohort, drug-related mortality likely reflects cumulative
vulnerability and overdose risk linked to long-run marginalisation,
whereas suicide may be driven more by acute psychiatric crises, prox-
imal life events, and patterns of mental-health care that are less well
captured by decade-long work-welfare trajectories (Wilcox et al., 2004;
Turecki and Brent, 2016; Devin et al., 2023; Armoon et al., 2021). The
time-varying sensitivity analyses (Supplementary File M) are consistent
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with this interpretation: after adjustment for prior-year drug-related and
psychiatric hospitalisation, the absence of a suicide gradient remained,
whereas drug-related mortality gradients persisted despite adjustment
for a predictor associated with a five-fold increase in risk.

Taken together, the findings underscore that in a strongly decom-
modifying welfare state, non-employment is institutionally differenti-
ated and shows heterogeneous mortality profiles within this high-risk
cohort. Trajectories characterised by means-tested welfare dependence,
unstable employment, and health-related benefit receipt had higher
mortality than the employment-attached trajectory, with differences
most apparent for drug-related deaths. This pattern is consistent with
multiple pathways linking long-term marginalisation to premature
mortality, including material hardship, psychosocial strain, and health-
selection. Even where welfare provision buffers income loss, prolonged
detachment from paid work may involve losses of role, routine, and
social integration that remain consequential for health.

However, the possibility that health status influences both trajectory
membership and mortality requires explicit consideration. We
addressed this through three complementary adjustment strategies: pre-
baseline register-based hospitalisation (Tables F2-F3), self-reported
clinical severity based on ASI composite scores (Supplementary File
L), and time-varying hospitalisation updated annually during follow-up
(Supplementary File M). Across all approaches, trajectory coefficients
for drug-related mortality were attenuated but remained above unity
and statistically significant, even after adjustment for predictors asso-
ciated with five-to sixteen-fold increases in drug-mortality risk. The
attenuation indicates that the health-severity measures capture real
confounding variation, whereas the remaining trajectory gradients
suggest that the associations are not explained by individual-level clin-
ical severity measured pre-baseline, at baseline or during follow-up. E-
value analysis indicates that an unmeasured confounder would need to
have stronger associations than the most influential measured predictors
to explain away the remaining associations (Table F4). In addition,
similar drug-related mortality gradients were observed across the three
disadvantaged trajectories, which makes a single unmeasured
confounder less likely as a complete explanation.

These findings do not establish a causal effect of trajectory mem-
bership on mortality, but the persistence of trajectory gradients across
three independent adjustment strategies suggests that the associations
are not fully attributable to health selection. This is consistent with
sustained labour-market marginalisation contributing to mortality
through cumulative material, psychosocial, and access-related mecha-
nisms, though alternative explanations cannot be definitively excluded.
Our contribution is to show that within a severely disadvantaged pop-
ulation, long-term work-welfare trajectories further stratify mortality
risk beyond demographic composition and measured clinical severity.
Because all individuals in this study entered through ASI assessment in
municipal social services, the findings describe heterogeneity within a
high-risk population rather than population-level effects. Even the
employment-attached reference group carries substantially higher
background risk than the working-age population at large. This
restricted-range design limits external validity but may also mitigate
some confounding concerns: the shared baseline of social and clinical
vulnerability narrows the range of unmeasured factors that could
simultaneously drive both trajectory membership and mortality.
Readers should therefore interpret the trajectory-mortality gradients as
risk stratification within social-service caseloads (identifying who,
among an already vulnerable group, faces the greatest mortality risk),
not as estimates of the population-level consequences of unemployment
or welfare receipt.

6. Limitations
This study is restricted to individuals assessed with the ASI in

Swedish municipal social services — a highly selected, high-risk popu-
lation — and findings cannot be generalised to the broader Swedish
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population or to other groups experiencing labour-market margin-
alisation. Our register-based design captures despair indirectly, through
cause-specific mortality, and cannot directly observe psychosocial and
subjective processes often invoked in deaths-of-despair accounts — such
as hopelessness, perceived social isolation, or acute distress — over time
(Gutin et al., 2023). While ASI assessments include self-reported infor-
mation relevant to these domains, these measures are available at the
assessment occasion rather than continuously across the sequence
window. The ten-year observation window provides comparatively
long-run trajectories but may miss earlier-life accumulation of disad-
vantage and longer processes of labour-market detachment. Sequence
construction and clustering involve analytical choices that can affect the
configuration of trajectory types. However, alternative specifications
varying the dissimilarity metric and clustering procedure yielded sub-
stantively similar typologies, and the five-cluster solution should be
understood as one defensible partition selected for interpretability and
statistical performance.

Residual confounding cannot be excluded. Although revised analyses
adjust for pre-trajectory hospitalisation, self-reported clinical severity
(ASI composite scores), and time-varying hospitalisation during follow-
up, these measures do not capture outpatient care, prescription his-
tories, early-life adversity, or detailed family and social circumstances.
Health selection is particularly relevant for the health-benefit-
dependent trajectory, where membership likely reflects prior health
deterioration. We note, however, that drug-mortality gradients survived
adjustment spanning register-based history, severity across seven ASI
domains, and annually updated inpatient events. The consistency of
findings across these distinct adjustment strategies suggests that residual
confounding alone is unlikely to account for the full gradient, though it
cannot be ruled out. Trajectory-mortality associations should not be
interpreted as causal effects but as structured risk heterogeneity within a
high-risk population.

7. Conclusions

These findings indicate that even in a welfare-state context charac-
terised by strong social protection, despair-related mortality remains
high among severely marginalised social service clients. Within this
high-risk cohort, the work-welfare trajectories most disconnected from
paid employment were marked by substantially higher drug-related
mortality, suggesting that income support alone may be insufficient to
eliminate mortality gradients once disadvantage is entrenched and
multi-domain.

Although observational associations cannot establish causality, the
persistence of drug-related mortality gradients across three independent
adjustment strategies suggests that the trajectory-mortality link is not
fully attributable to measured health selection. This is consistent with
sustained labour-market marginalisation contributing to mortality risk
through cumulative material, psychosocial, and access-related mecha-
nisms, even in a generous welfare state. Service planning may therefore
benefit from moving beyond binary employment classifications to
recognise distinct high-risk trajectory patterns and target preventive
resources (including integrated addiction, mental-health, and voca-
tional support) toward those at greatest risk.

Future research should extend this work in three directions. First,
replicate this trajectory-based approach in population-wide registers to
assess generalisability beyond social service clients. Cumulative disad-
vantage theory (DiPrete and FEirich, 2006) suggests that
trajectory-mortality gradients may be stronger in populations with
fewer baseline resources, implying that similar but potentially weaker
associations could exist in less disadvantaged groups. Population-wide
replication would allow this to be tested directly. Second, examine
whether specific transitions — such as entry into sickness benefits or
means-tested assistance — mark escalation points relevant for interven-
tion timing. Third, investigate mechanisms linking particular
work-welfare trajectories to drug-related mortality using linked data on
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treatment histories, prescriptions, contributory causes of death, and ASI
self-reports, for example by centring sequences around the assessment
date rather than treating assessment year as a covariate. Comparative
analyses across welfare regimes would further clarify how institutional
design conditions the association between long-term work-welfare tra-
jectories and despair-related mortality.
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