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Objective: The authors examined the association between
alcohol use disorder (AUD) and risk of suicide, before and
after accounting for psychiatric comorbidity, and assessed
the extent to which the observed association is due to
a potentially causal mechanism or genetic and familial
environmental confounding factors that increase risk for
both.

Methods: Longitudinal population-wide Swedish medical,
criminal, and pharmacy registries were used to evaluate the
risk of death by suicide as a function of AUD history. Analyses
employed prospective cohort and co-relative designs, in-
cluding data on 2,229,880 native Swedes born between
1950 and 1970 and observed from age 15 until 2012.

Results: The lifetime rate of suicide during the observation
period was 3.54% for women and 3.94% for men with AUD,
compared with 0.29% and 0.76% of women and men,

respectively, without AUD. In adjusted analyses, AUD remained
robustly associated with suicide: hazard ratios across obser-
vation periods ranged from 2.61 to 128.0 among women and
from 2.44 to 28.0 among men. Co-relative analyses indicated
that familial confounding accounted for some, but not all, of the
observed association. A substantial and potentially causal re-
lationship remained after accounting for a history of other
psychiatric diagnoses.

Conclusions: AUD is a potent risk factor for suicide, with a
substantial association persisting after accounting for con-
founding factors. These findings underscore the impact of
AUD on suicide risk, even in the context of other mental
illness, and implicate the time frame shortly after amedical or
criminal AUD registration as critical for efforts to reduce
alcohol-related suicide.
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Suicide is a major public health concern, accounting for over
47,000 deaths in the United States in 2017 (1), and repre-
senting the 18th leading cause of deathworldwide in 2016 (2).
Risk is multifactorial, attributable to genetic liability (3–7),
environmental stressors (8–12), and comorbid conditions,
including alcohol use disorder (AUD) (13–16). AUD itself is
relatively common, is associated with an array of other
psychiatric outcomes (17), and carries a substantial eco-
nomic burden (18). It is also associated with increased
mortality (19–22): alcohol consumption accounted for over
5% of deaths worldwide in 2016 (23).

Given the co-occurrence of AUD with other psychiatric
disorders (17), in conjunction with the risk of suicide con-
ferred by affective and psychotic disorders (16), the nature of
the association betweenAUDand suicidehas beendifficult to
establish. The observed associations may be due to a direct
causal effect and/or to confounding factors that affect risk
for both AUD and suicide. If psychiatric comorbidity is
not accounted for, the direct risks attributed to AUD may
be inflated. Efforts to address this are complicated by the

relative rarity of suicide in the population, necessitating large
sample sizes to reliably estimate the relationship between
AUD and suicide in population-based samples.

Both AUD (24) and suicide (6, 25) exhibit familial ag-
gregation, in part as a result of genetic mechanisms. By using
the co-twin control design (26), causal inference is improved
by accounting for familial factors—genetic and environmental
in nature—that may act as confounders; residual associations
aremore likely tobecausal innature, although inobservational
studies a causal mechanism cannot be known for certain.
Findings from such approaches could be informative for risk
assessment, and the identification of a potentially causal re-
lationship may signal a target for intervention.

In this study,weuseddata fromSwedishpopulation registries
to address two primary research questions. First, we tested
whether AUD and death by suicide are associated, before and
afteraccounting forpsychiatric comorbidity.Second,weassessed
whether the observed association is attributable to confounding
familial factors, potentially causal processes, or a combination
of mechanisms, through the use of co-relative control models.
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METHODS

Sample
All native Swedish citizens born between 1950 and 1970who
had not died or emigrated by age 15 were included in our
analyses. Observations began at age 15 and ended at death,
emigration from Sweden, or in 2012, the last year for which
registry datawere available. Individualswhodied by suicide
or had an AUD registration before age 15 were excluded.
Those with other psychiatric diagnoses prior to age 15 were
retained in the model; for the purposes of time-dependent
covariates, these were coded as occurring at age 15. The
study was approved by the Regional Ethical Review Board
of Lund University, and subject consent was waived.

Swedish population registerswith national coveragewere
used to determine cause of death, diagnostic status for psy-
chiatric predictors and covariates or confounders, and
sociodemographic covariates. The availability and content
of these registers has been described previously (22, 27).
Registers are available for inpatient and outpatient re-
cords, including both primary and secondary diagnoses;
criminal and suspicion records; prescription records;
linking of family members through the Multi-Generation
Register; and demographic and socioeconomic data through
the Swedish national census and population registers.
Records are linked using unique personal identification
numbers, which are replaced by anonymous serial numbers
to maintain confidentiality.

Outcome and Predictor Variables
The outcome was death by suicide. The predictor of primary
interest was AUD. In full models, other psychiatric diagnoses
were included as potential confounders. The ICD codes (from
ICD-8, ICD-9, and ICD-10) used to determine cause of death,
diagnostic status for AUD, and status for other psychiatric
covariates are listed in the online supplement and are
consistent with previous studies (28, 29). Deaths of un-
determined intent were included as suicides to avoid under-
estimating prevalence (N=3,933, or 25.3% of all suicides),
consistent with other studies of the Swedish population
(28, 30). A sensitivity analysis was conducted with deaths
of undetermined intent excluded, to evaluate the associ-
ation between AUD and death by suicide among known
deaths by suicide (see the online supplement).

Statistical Analysis
Primary analyses.Weused Cox proportional hazardsmodels
to test the association between AUD and suicide. AUD was
includedas a time-varyingcovariate; fromage 15until thefirst
AUD-related registration, an individual was considered not
to have AUD. Beyond the first AUD registration, the indi-
vidual was considered to have AUD. In full models, psychi-
atric comorbidity variables were included as time-varying
covariates. Analyses were conducted separately by sex.
Mean parental education and birth year were included as
covariates. Parental education was coded as follows: 1=9 or

fewer years of education; 2=10–11 years; 3=12 or more years.
Hazard ratios and 95% confidence intervals are reported
for all variables. All analyses were conducted in SAS, version
9.4 (SAS Institute, Cary, N.C.), primarily using proc phreg.

Proportionality assumption. We tested the proportionality
assumption of our Cox models by creating dummy-coded
variables for increments of observation time and estimating
the hazard ratios for those variables. After comparing the
Akaike information criterion for models testing 5-year, 10-year,
and irregular increments (,1 year, 1–5 years, 5–10 years), we
selected the 5-year increment model, in which distinct hazard
ratios were estimated for individuals observed for ,5 years,
5–10 years, 10–15 years, and so on.

Co-relative analyses.We identified pairs of same-sex cousins,
half siblings, and full siblings born within 10 years of one
another for inclusion in co-relative analyses, which control
for shared familial factors that may confound the association
between AUD and suicide by testing for effects within family
strata. If familial factors affect this association, the effect size
of AUD is expected to decrease in relatives of increasing
genetic resemblance, as confounding factors are increasingly
accounted for within pairs. If the association is purely
causal, the effect size is not expected to substantively change
across analyses of the unselected population and relative
pairs of varying genetic relatedness. Pairs of relatives
who are discordant in exposure to the putative risk factor
(here, AUD) at some point in time are informative. To in-
crease power, mean parental education was not included as
a covariate in these analyses because of missing data; fur-
thermore, we combined sexes for co-relative analyses,
resulting in the following numbers of informative pairs:
cousins, 7,559; half siblings, 1,741; full siblings, 5,054. Un-
adjusted models were run initially, followed by models
accounting for psychiatric comorbidity. A supplementary
co-relative analysis was conducted that extrapolated results
to discordant monozygotic twin pairs, which we otherwise
lacked sufficient statistical power to test (see the online
supplement).

RESULTS

The selected birth cohort consisted of 2,229,880 individuals.
Table 1 presents the frequency of suicide, AUD, and other
covariates. Amongwomen, the suicide rate for those without
AUD was 0.29% (N=3,062), and among those with AUD, it
was 3.54% (N=1,158). The corresponding rates among men
were 0.76% (N=8,079) and 3.94% (N=3,229), respectively.
Themean age at AUD registrationwas 39.99 years (SD=11.70)
for women and 39.38 years (SD=11.47) for men. Mean age at
suicidedeathwas36.22 years (SD=11.35) forwomenand35.83
years (SD=11.01) for men. Correlations (r) among non-AUD
psychiatric diagnoses ranged from 0.42 to 0.87 (see Table S1
in the online supplement), with the strongest estimates be-
tween psychotic disorders and AUD or drug abuse.
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Population-Based Analyses
In preliminary Cox regressions in which AUD was the sole
predictor and was time-varying, AUD and suicide were
strongly associated in both women (hazard ratio=37.53, 95%
CI=34.82, 40.45) andmen (hazard ratio=16.33, 95%CI=15.60,
17.08). Adjusting for sociodemographic covariates did not
substantially alter the effect of AUD (women: hazard ra-
tio=37.10, 95% CI=34.26, 40.18; men: hazard ratio=16.18, 95%
CI=15.42, 16.96).

We tested the proportionality assumption by estimating
thehazard ratio forAUD,adjustedonly for sociodemographic
covariates, across individuals for whom the length of ob-
servation time differed in 5-year increments. The impact of
AUD onset for risk of suicide declined rapidly over time (see
Table S2 in the online supplement). We therefore con-
structed a full model, adjusted for both sociodemographic
and time-varying psychiatric covariates, allowing for dif-
ferent hazard ratios across observation periods.

In these full models, AUD was the strongest predictor of
suicide death in the first 5 years of observation for both sexes
(Table 2). Hazard ratios declined precipitously between the
first and second 5-year increments, decliningmore gradually
thereafter (Figure 1). The risk associatedwithAUD remained
comparable to, and sometimes exceeded (although with
overlapping confidence intervals), risks associated with
psychotic and affective disorders. After 25 years of ob-
servation, AUD remained significantly associated with
suicide for both women (hazard ratio=2.62, 95% CI=2.16,
3.14) and men (hazard ratio=2.44, 95% CI=2.15, 2.79).

Because of concerns about data sparseness, and because
of the relatively modest changes in risk associated with AUD
beyond the first 5 years after a registration, secondary
analyses estimated hazard ratios averaged across obser-
vation time. We tested the association between AUD and
suicide among individuals without a registration for other
psychiatric diagnoses (944,378 women, 7,701 with AUD;
1,002,880 men, 23,823 with AUD), including sociodemo-
graphic covariates, and AUD as a time-varying predictor.
The associations were strong, with hazard ratios of 73.74
(95%CI=63.68, 85.37) forwomen and 20.69 (95%CI=19.07,
22.46) for men.

We then tested whether age at onset of AUD was asso-
ciatedwith suicide risk. In a Cox proportional hazardsmodel
accounting for birth year, parental education, and time-
dependent psychiatric comorbidity, we estimated the ef-
fect of age at AUD onset, binning into 10-year increments
beginning with ,25 years of age. We observed steady
decreases in risk, relative to an age at onset ,25, for ages
25–35 and in each subsequent age bin (see Table S3 in the
online supplement).

Co-Relative Analyses
We next ran parallel models within data sets consisting
of same-sex relative pairs of varying levels of genetic
resemblance—cousins, half siblings, and full siblings. The
results are depicted in Figure 2 and Table 3. In unadjusted

models, as the degree of genetic relatedness increased, the
magnitude of the AUD-suicide association decreased, al-
though half siblings deviated from this trend, suggesting
that familial confounding contributes to the observed as-
sociation between AUD and death by suicide. In models
adjusted for time-dependent psychiatric comorbidity, a
markedly different pattern was observed. The estimates
were consistent across groups of varying relatedness, sug-
gesting little or no additional familial confounding of the
association between AUD and suicide. Half siblings were
again outliers, although estimates are known imprecisely;
confidence intervals overlapped with all estimates except
that from the population-based adjusted model. In a sup-
plemental model in which the hazard ratio for monozygotic
twins could be extrapolated, the hazard ratio declined
further but remained significantly greater than 1 (hazard
ratio=3.69, 95% CI=2.77, 4.90; see the supplemental text
and Table S4 in the online supplement).

DISCUSSION

For Swedish individuals born between 1950 and 1970, AUD
was associated with a substantially increased risk of death by
suicide. In models accounting for psychiatric comorbidity
and shifts in risk across observation time, hazard ratios for

TABLE 1. Frequency of key predictors stratified by gender and
suicide outcome in a study of alcohol use disorder (AUD) and
suicide risk in a Swedish population-based cohort

Death by Suicide

Yes No

Group N % N %

Individuals in cohort
Women 4,220 0.39 1,080,026 99.61
Men 11,308 0.99 1,134,326 99.01

AUDa

Women 1,158 27.44 31,546 2.92
Men 3,229 28.56 78,644 6.93

Drug use disorder
Women 829 19.64 20,472 1.90
Men 2,042 18.06 36,857 3.25

Affective disorder
Women 1,144 27.11 67,879 6.28
Men 1,669 14.76 49,439 4.36

Psychotic disorder
Women 1,362 32.27 46,464 4.30
Men 2,953 26.11 74,511 6.57

Personality disorder
Women 661 15.66 15,693 1.45
Men 1,006 8.90 15,647 1.38

Phobia or anxiety disorder
Women 533 12.63 48,098 4.45
Men 696 6.15 34,610 3.05

Other psychiatric disorder
Women 529 12.54 50,266 4.65
Men 598 5.29 30,054 2.65

a Values for AUD and other predictors are based on lifetime registrations.
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AUD were 128 for women and 28 for men in the first 5 years
after a registration. While risks associated with AUD were
substantiallyattenuatedbeyond that time frame, they remained
elevated (hazard ratio.2 for both sexes) even 25 ormore years
later. These findings are comparable to those of previous studies
of AUD and suicide in Denmark and the United States (16, 31)
and with a recent meta-analysis that included samples of di-
verse national origins (32). They are similarly in line with
Swedish studies examining the increased suicide risk associ-
ated with eating disorders (33) and obsessive-compulsive
disorder (28). We observed a markedly higher initial risk
among women, although this difference was reduced in
adjusted models. Critically, co-relative analyses indicated
a complex etiology underlying the AUD-suicide associa-
tion: Familial factors that increase risk for both AUD and
death by suicide, in conjunction with a pronounced and
potentially causal pathway, likely contribute to the ob-
served association.

This is, to our knowledge, the largest population-based
study examining the association between alcohol use dis-
order and death by suicide, accounting for psychiatric
comorbidity, and further clarifying the potential familial
confounding of the observed association. Previous studies
in Scandinavian countries have explored complementary
research questions, reporting evidence of familial aggre-
gation ofAUDand suicide (34) andcomparablemagnitudes
and patterns of association (31, 35). In the context of the

extant research, the present findings provide insight into
the potential consequences of AUD on a broad scale.

The effect of AUDwas substantially higher amongwomen
in unadjusted models, although this discrepancy was atten-
uated in adjusted models, suggesting that psychiatric com-
orbidity differentially affects AUD-based risk across the
sexes. This may reflect the higher threshold for AUD among
women and the higher prevalence of internalizing disorders.
Women die by suicide at lower rates than men overall (36);
however, data regarding the relationships among AUD, sui-
cide, andsexare relatively scarce, andmanystudieshavebeen
insufficiently powered to directly examine the AUD-suicide
association in women given their lower prevalence of both
outcomes. This likely contributes to inconsistent findings.
Some studies have reported thatwomenhave higher alcohol-
related risks of suicidal behavior (14, 15), while others have
not detected moderation by sex (37). Our findings indicate
that psychiatric comorbidity attenuates the AUD-suicide as-
sociation, particularly amongwomen. Inclusion of these factors
in analytic and theoretical models is thus critical in order to
accurately estimate risks specific to AUD.

In this study, hazard ratios were even more pronounced
among individuals with AUD who did not have registrations
for other psychiatric conditions. In those without a regis-
tration for other psychopathology, a group that constituted
themajority (87.3%) of the full sample but only 27.5%of those
with AUD, the very large increase in suicide risk associated

TABLE 2. Adjusted hazard ratios for alcohol use disorder (AUD) and covariates predicting suicide death in a Swedish population-based
cohorta

Months of Observation

0–59 60–119 120–179 180–239 240–299 ‡300

Covariate
Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Women

AUD 128.0 76.1, 215.1 16.4 9.90, 27.2 15.5 10.2, 23.7 7.36 4.99, 10.8 8.68 5.90, 12.77 2.61 2.16, 3.14
Other psychiatric

disorders
—b — 2.06 0.68, 6.22 2.79 1.50, 5.22 1.30 0.73, 2.31 1.35 0.88, 2.05 1.54 1.28, 1.85

Phobia and anxiety
disorders

—b — —b — 1.44 0.73, 2.87 0.82 0.44, 1.52 1.17 0.77, 1.78 1.46 1.21, 1.77

Personality disorders 0.48 0.11, 2.15 1.59 0.87, 2.90 1.37 0.89, 2.12 1.80 1.25, 2.60 1.66 1.19, 2.30 1.44 1.23, 1.70
Psychotic disorders 12.35 4.00, 38.1 18.3 10.5, 32.1 10.5 6.55, 16.8 7.22 4.46, 11.7 3.96 2.49, 6.28 4.43 3.50, 5.62
Affective disorders 5.40 1.08, 27.0 6.09 3.44, 10.8 4.70 3.05, 7.26 7.73 4.99, 12.0 5.69 3.80, 8.50 4.63 3.80, 5.64
Drug abuse 3.06 1.07, 8.75 3.26 1.86, 5.72 2.58 1.67, 3.99 2.06 1.38, 3.10 1.73 1.21, 2.48 2.83 2.37, 3.38

Men

AUD 28.0 17.7, 44.3 9.21 7.15, 11.87 8.17 6.63, 10.1 6.59 5.34, 8.14 5.84 4.70, 7.26 2.44 2.15, 2.79
Other psychiatric

disorders
—b — 0.31 0.02, 3.07 0.35 0.11, 1.08 0.72 0.40, 1.32 1.13 0.79, 1.63 1.54 1.32, 1.78

Phobia and anxiety
disorders

—b — 0.98 0.19, 4.95 1.88 1.01, 3.51 1.34 0.82, 2.19 1.11 0.79, 1.56 1.10 0.95, 1.28

Personality disorders 0.69 0.20, 2.36 1.56 1.10, 2.21 1.28 1.00, 1.65 1.26 1.01, 1.57 1.15 0.94, 1.42 1.21 1.07, 1.36
Psychotic disorders 16.34 8.24, 32.38 11.18 8.28, 15.07 6.89 5.36, 8.86 4.05 3.20, 5.13 3.05 2.39, 3.88 3.57 3.10, 4.11
Affective disorders 3.68 0.89, 15.29 3.00 1.93, 4.66 3.98 3.02, 5.25 3.94 3.12, 4.97 3.71 3.00, 4.60 4.06 3.62, 4.56
Drug abuse 3.13 1.38, 7.13 3.67 2.66, 5.07 2.93 2.30, 3.73 3.39 2.71, 4.23 3.00 2.45, 3.67 2.07 1.86, 2.31

a Birth yearwas included as a non-time-varying covariate. The corresponding hazard ratioswere0.95 (95%CI=0.94, 0.95) forwomen, and0.97 (95%CI=0.97, 0.97)
for men. Mean parental education was also included as a non-time-varying covariate, with categories coded as follows: 1 (reference)=9 or fewer years of
education; 2=10–11 years of education; and3=12ormore years of education. Forwomen, the corresponding hazard ratioswere, for those coded as 1.5, 0.91 (95%
CI=0.83, 1.00); for those codedas 2, 1.14 (95%CI=1.05, 1.24); for thosecodedas2.5, 0.97 (95%CI=0.84, 1.12); and for those codedas 3, 1.26 (95%CI=1.11, 1.43). For
men, the corresponding hazard ratios were, for those coded as 1.5, 0.85 (95% CI=0.81, 0.90); for those coded as 2, 0.93 (95% CI=0.89, 0.98); for those coded as
2.5, 0.82 (95% CI=0.75, 0.89); and for those codes as 3, 0.95 (95% CI=0.87, 1.04).

b The data were too sparse during these observation periods to produce hazard ratio estimates.
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with AUD makes these indi-
viduals an obvious focus for
interventions in what might
mistakenly be considered a
low-risk group.

The co-relative models
demonstrate two key find-
ings. First, familial con-
founders account for a
substantial proportion of
the association between
AUD and suicide. As in-
creasing degrees of familial
factors are accounted for
across co-relative pairs, the
association between AUD
and suicide declines in the
unadjusted models. This
suggests that AUD is index-
ing a variety of dispositional
features that influence risk
of both AUD and suicide.
Second, even after adjusting
for psychiatric comorbidity,
a likely source of the familial confounding described above,
there remains a substantial risk of suicide following an
AUD registration. The relative stability in hazard ratio
estimates across relative pairs (Figure 2, adjusted panel)
indicates that this residual association is consistent with
a causal mechanism (26). Thus, the pronounced associa-
tions observed in the preliminary model unadjusted for
psychiatric comorbidity and averaged across observation
time, where we observed 16- to 37-fold increased risk, may
in part be due to an array of correlated factors indexed by
AUD (e.g., propensity toward impulsiveness, genetic
loading for mental illness, etc.) and to a causal effect of
AUD. The latter may take the form of stressful circum-
stances or events attributable to the disorder (9, 10, 38),
substance-induced depression (39, 40), social isolation
(41), acute intoxication (14), or other factors, many of
which we are unable to address using registry-based data.
Overall, our findings are consistent with previous evidence
of familial confounding in related outcomes, such as drug
abuse and mortality (42) and AUD and mortality (22).

We note an elevated suicide risk among half siblings
discordant for AUD (or timing of death by suicide), which
deviates from the otherwise consistent hazard ratios across
co-relative pairs. Relative to full sibling and cousin pairs,
members of these pairs have more often been exposed to
parental marital disruption, and rates of externalizing psy-
chopathology are substantially higher in their parents (43,
44). The rate of suicide is higher among half siblings in this
sample (1.2% for men, 0.52% for women). There are likely to
be confounders relevant to risk among half siblings that are
not relevant, or are less relevant, to other co-relative pairs.
Although identifying those factors would be speculative using

only registry data, previous evidence suggests that children of
divorced parents are at increased risk for depression re-
currence (45), smoking (46), suicidal behavior (47), and alcohol
misuse (48), as well as measures of social functioning such as
lower educational achievement (49) and adult socioeconomic
status (50).

The violation of the proportionality assumption highlights
the dynamic nature of suicide risk and indicates that it de-
creases as time elapses from the first AUD registration. In
addition, thisfinding supports the assertion that AUD causally
affects risk: If the observed AUD-suicide association were
merely attributable to stable confounding factors (e.g., per-
sonality, genetic liability to psychiatric disorders), we would
not expect to observe such a marked dissipation of risk over
time. While the goal of testing this model was to provide
context for our primary findings, these results raise the pos-
sibility that the time frame shortly after AUD registrationmay
represent a critical period during which risk of suicide ismost
pronounced. A previous study of suicide risk in the wake of a
nonfatal self-harm incident provides further support for this
possibility (51). Another possibility is that the observed asso-
ciation of declining risk over time is due in part to individuals
whose AUD remits after their initial registration, among
whom risk of suicide may then diminish.

In addition,weobserved that earlier onset ofAUD—which
is posited to be an indicator of severity, propensity toward
externalizing behavior (52, 53), andgenetic liability (54–56)—
is associated with increased suicide risk. The implications of
thesefindings are twofold. First, prevention and intervention
efforts may be most effective when directed toward indi-
viduals facing a relatively recent AUD-related incident. Sec-
ond, these effortsmaybeespecially fruitful for thosewith early

FIGURE 1. Hazard ratios as a functionof timebeyondalcohol use disorder (AUD) registration in a study
of AUD and suicide risk in a Swedish population-based cohorta
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a The graphs show hazard ratios (shaded areas indicate 95% confidence intervals) from adjusted models esti-
mating the association between AUD and suicide as a function of time elapsed since AUD registration.
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onset of AUD. Further studies aimed at dissecting the time-
sensitive nature of risk are essential.

Our findings must be considered in the context of our use
of registry data. AUD registration corresponds to a high
threshold for AUD, as it requires that an individual come to
the attention of the medical or criminal justice system. Some
individuals whomeet diagnostic criteria will escape detection.
Therefore, conservatively, the present findings should be
consideredmost relevant to severeAUD.Themean age at first
AUD registration is somewhat older than mean onset ages
reported instudies thatdonotrelyon registrydataand is inpart
a function of cohort selection: As earlier cohorts are observed
later into life, they presentmore opportunities for late-stage
AUD-related registrations (e.g., those derived from alcohol-
relatedmedical conditions) to be identified. Our previous study

of Swedish adoptees, which
included those born as late as
1993, found a mean onset age
of 33.9 years for AUD (38.2
years among women, 32.3
years among men) (27). Given
that the mean age at death by
suicide precedes the mean
age at first AUD registration
in the present cohort, it is
possible that some suicide
decedentssufferedfromas-yet-
unrecognized AUD. Such a
misclassification error could
lead to an underestimation of
the risks associatedwithAUD.
Despite these drawbacks, the
registry-based approach we
used here is objective and not
subject to self-report bias;
furthermore, a high degree of
correspondence among AUD
registration sources (odds
ratios, 9.6–74.8 [27]) indi-
cates that the measure is
valid.

There are several notable
limitations to this study. First,
the start date of data avail-
ability differs across regis-
tries.Wemade every effort to
select a cohort to maximize
coverage; however, data will
be consistently available across
all registries for younger co-
horts, and as these cohorts age
into risk periods for AUD and
suicide, our ability to further
elucidate the mechanisms
underlying observed associa-
tions will improve. Our use of

registries also reduces our ability to identify less severe
cases of AUD; relatedly, we may miss episodes of relapse
that are not recorded in registers but that contribute to
suicide risk years after the initial AUD diagnosis as indi-
viduals proceed through remissions and relapses. Second,
exclusion of deaths of undetermined intent reduced the ad-
justed effect of AUD (see Table S5 in the online supplement);
this may be due to difficulties determining whether alcohol-
related deaths were intentional, particularly given the re-
lationship between alcohol misuse and impulsive behavior (12,
57–59).

While co-relative analyses account for a range of potential
familial confounders, including genetic liability shared by
AUD and suicide, they do not account for individual-level
environmental factors that may jointly influence risk of both

FIGURE2. Hazard ratios for alcohol usedisorder (AUD) in the population and in discordant family pairs
in a study of AUD and suicide risk in a Swedish population-based cohorta
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a The graphs showhazard ratios (error bars indicate 95% confidence intervals), averaged across observation time,
for co-relative pairs discordant for exposure to, or timing of, AUD. The hazard ratio for the overall population is
provided for comparison, with sex included as a covariate. Sexes were combined to improve statistical power.
Sample sizes are as follows: population, N=2,229,880; cousins, N=1,469,388; half siblings, N=203,594; full
siblings, N=896,087. Numbers of informative pairs, by co-relative type, are as follows: cousins, N=5,524; half
siblings, N=1,241; full siblings, N=3,741 (see Table 3).

TABLE 3. Hazard ratios of alcohol use disorder on suicide death across co-relative pairs of varying
genetic resemblance in a Swedish population-based cohorta

Unadjusted Adjustedb

Sample
Number of Informative

Pairs
Hazard
Ratio 95% CI

Hazard
Ratio 95% CI

Populationc 19.73 18.95, 20.53 4.80 4.42, 5.21
Cousins 5,524 13.07 10.98, 15.56 4.69 3.87, 5.68
Half siblings 1,241 14.59 10.82, 19.65 7.41 5.27, 10.43
Full siblings 3,741 10.31 8.87, 11.98 4.99 4.18, 5.96

a Sexes were combined to improve statistical power.
b Adjusted models include psychiatric comorbidities as time-dependent covariates.
c Population-level models in which hazard ratios are also averaged over time are presented for comparison. Sex was
included as a covariate in this model as well as in the adjusted population-based model, but because analyses were
conducted within same-sex family strata for the co-relative models, sex is not included as a covariate for co-relative
models.
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AUDand suicide. Such influencesmay contribute to increased
risks attributed to AUD in co-relative models, leading to an
overestimation of AUD’s putatively causal effect.

Finally, the findings may not be generalizable to other
populations: Native-born Swedes may represent a more
homogeneous culture than exists in more ethnically diverse
countries such as the United States. However, as a robust
association between AUD and suicidal behavior has been
observed in theUnited States (16), any discrepanciesmay be
quantitative rather than qualitative.

This study represents a well-powered analysis of the
relationship between AUD and suicide, which is of sub-
stantial public health relevance. We present evidence, us-
ing complementary population-based, longitudinal, and
co-relative analytic designs, that is consistent with the hy-
pothesis that a substantial component of the association
between AUD and suicide risk is potentially due to a causal
mechanism, even after accounting for psychiatric comor-
bidity. Notably, this relationship is more prominent among
women, among individuals with a recent AUD registration,
and among those with an earlier onset of AUD. Our results
have potential clinical relevance, as they indicate that AUD,
even outside the context of psychiatric comorbidity, is a
potent risk factor for suicide. While this association is
strongest during the period close to an AUD registration, the
effect persists for decades. Women, among whom death by
suicide is less common overall, exhibit AUD-related risk
comparable to men. These findings underscore the nuanced
role of AUD in suicide risk and have implications for efforts
aimed at reducing suicide and characterizing risk potential as
a function of coexisting conditions.
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