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IMPORTANCE Major depressive disorder (MDD) is an important risk factor of suicidal behavior,
but the added burden of suicidal behavior and MDD on the patient and societal level,
including all-cause mortality, is not well studied. Also, the contribution of various prognostic
factors for suicidal behavior has not been quantified in larger samples.

OBJECTIVE To describe the clinical and societal outcomes, including all-cause mortality,
of suicidal behavior in patients with MDD and to explore associated risk factors and clinical
management to inform future research and guidelines.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study used health care
data from the Stockholm MDD Cohort. Patients aged 18 years or older with episodes of MDD
diagnosed between January 1, 2012, and December 31, 2017, in any health care setting were
included. The dates of the data analysis were February 1 to November 1, 2022.

EXPOSURES Patients with MDD with and without records of suicidal behavior.

MAIN OUTCOMES AND MEASURES The main outcome was all-cause mortality. Secondary
outcomes were comorbid conditions, medications, health care resource utilization (HCRU),
and work loss. Using Region Stockholm registry variables, a risk score for factors associated
with suicidal behavior within 1 year after the start of an MDD episode was calculated.

RESULTS A total of 158 169 unipolar MDD episodes were identified in 145 577 patients; 2240
(1.4%) of these episodes, in 2219 patients, included records of suicidal behavior (mean [SD]
patient age, 40.9 [18.6] years; 1415 episodes [63.2%] in women and 825 [36.8%] in men).
A total of 11 109 MDD episodes in 9574 matched patients with MDD without records of
suicidal behavior were included as controls (mean [SD] patient age, 40.8 [18.5] years; 7046
episodes [63.4%] in women and 4063 [36.6%] in men). The all-cause mortality rate was
2.5 per 100 person-years at risk for the MDD-SB group and 1.0 per 100 person-years at risk
for the MDD-non-SB group, based on 466 deaths. Suicidal behavior was associated with
higher all-cause mortality (hazard ratio, 2.62 [95% CI, 2.15-3.20]), as well as with HCRU and
work loss, compared with the matched controls. Patients with MDD and suicidal behavior
were younger and more prone to have psychiatric comorbid conditions, such as personality
disorders, substance use, and anxiety, at the start of their episode. The most important
factors associated with suicidal behavior within 1 year after the start of an MDD episode
were history of suicidal behavior and age, history of substance use and sleep disorders,
and care setting in which MDD was diagnosed.

CONCLUSIONS AND RELEVANCE This cohort study’s findings suggest that high mortality,
morbidity, HCRU, and work loss associated with MDD may be substantially accentuated
in patients with MDD and suicidal behavior. Use of medication aimed at decreasing the risk
of all-cause mortality during MDD episodes should be systematically evaluated to improve
long-term outcomes.
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A ccording to the World Health Organization, approxi-
mately 5% of the adult population worldwide experi-
enced depression in 2021.1 Depression is associated

with increased all-cause mortality.2 A recent populationwide
study showed that all-cause mortality was more than doubled
in patients with major depressive disorder (MDD) compared
with population controls and that mortality is further in-
creased in patients with treatment-resistant MDD.3,4 Suicidal
thoughts or behaviors are recognized as diagnostic criteria for
MDD in the DSM-5, and suicidal behavior, defined as self-
inflicted harm with or without concurrent suicidal ideation,
has been reported in up to 50% of patients with MDD; the
longer the episodes, the higher the occurrence.5,6 Further-
more, suicidal behavior and previous suicide attempts have
been shown to increase the risk of death from suicide. Ap-
proximately 7% to 13% of patients with nonfatal suicide at-
tempts have been reported to die from suicide at a later time,7,8

and up to 7% of patients with MDD who are in contact with
specialized psychiatric care have been reported to die from
suicide.6

However, most patients with MDD are not treated in spe-
cialized care,9,10 and studies to date have been limited by non-
random sampling due to nonuniversal access to health care
and/or exclusion of primary care data. Thus, it is not estab-
lished to what extent the aforementioned estimates are rep-
resentative of patients with MDD as a whole or to what extent
suicidal behavior is a risk factor for all-cause mortality. The
focus on a specific cause of death (ie, suicide) may underes-
timate the overall risk of death in the population of patients
with MDD and suicidal behavior. Thus, focusing on suicidal
behavior and all-cause mortality in a population-wide obser-
vational study may result in more clinically relevant and rep-
licable data. In Sweden, all residents have universal access to
health care,11 with a nominal copayment for health care vis-
its, hospitalizations, and drugs. The opportunities for indi-
vidual record linkage, together with near-complete informa-
tion on population health care coverage, including mortality,
help to overcome some of the limitations in data that may ex-
ist in other countries and from clinical cohorts.

In this study, we investigated the all-cause mortality as-
sociated with MDD episodes with suicidal behavior (MDD-
SB) compared with MDD episodes without records of suicidal
behavior (MDD-non-SB). We also aimed to describe patient
clinical characteristics, such as comorbid conditions, treat-
ment patterns, health care resource utilization (HCRU), and
work loss. Furthermore, in a separate analysis, we identified
risk factors of suicidal behavior in patients with MDD based
on information available at the start of an MDD episode.

Methods
In this population-based cohort study, we used data from the
Stockholm MDD Cohort (SMC),3,4 which comprises all pa-
tients diagnosed with MDD according to International Classi-
fication of Diseases, Tenth Revision (ICD-10) codes F32 to F33
in any health care setting in the region of Stockholm (approxi-
mate population, 2.4 million) between 2010 and 2018.12 The

data in SMC are based on the Regional Healthcare Data Ware-
house of Region Stockholm, including information on all in-
dividual contacts with health care in Region Stockholm. The
information in the data warehouse includes date of death but
not cause of death. This project is a part of a framework to fa-
cilitate research collaboration between research-based com-
panies and Region Stockholm and registered at the European
Network of Centres for Pharmacoepidemiology and Pharma-
covigilance (European Union Electronic Register of Post-
Authorisation Studies No. 256646). The study was approved
by the regional ethics committee, Stockholm, Sweden (No.
2018/546-31), with a waiver for informed consent because all
analyses were performed using pseudonymized data. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

Study Cohort and Matching Procedure
We identified all recorded MDD episodes between January 1,
2012, and December 31, 2017, when patients were aged 18 years
or older at the start of the episode (MDD baseline) (eAppen-
dix in Supplement 1). Each patient could contribute more than
1 episode. To allow for analyses of MDD baseline conditions,
patients residing in Stockholm for 12 months or less before the
start of the MDD episode were excluded. We also excluded pa-
tients with a history of psychosis, bipolar disorder, manic epi-
sode, or dementia. Diagnostic criteria for MDD include sui-
cidal thoughts or attempts (suicidal behavior); therefore,
suicidal behavior was defined as ICD-10 codes for intentional
self-harm (X60-X84). Diagnoses of harm of undetermined in-
tent (ICD-10 codes Y10-Y34) were not included in this study.
Records in outpatient or inpatient health care settings were col-
lected, and the date of the first recorded diagnosis of suicidal
behavior within an MDD episode was set as the index. At the
start of an MDD episode (MDD baseline), patients with MDD
and suicidal behavior (MDD-SB group) were compared with all
patients with MDD. At index, patients in the MDD-SB group
were compared with patient with MDD but without records of
suicidal behavior (MDD-non-SB group) by matching each pa-
tient in the MDD-SB group (ie, cases) on age (within 2 years),
sex, year of MDD diagnosis, and sociodemographic status with
up to 5 patients in the MDD-non-SB group (ie, controls). To be
eligible for matching, controls were required to have an MDD
episode duration at least as long as their matched case’s time

Key Points
Question What are the clinical and societal outcomes, including
all-cause mortality, associated with suicidal behavior in patients
with major depressive disorder (MDD)?

Findings In this cohort study of 158 169 unipolar MDD episodes,
1.4% involved records of suicidal behavior. The all-cause mortality
among patients with suicidal behavior was 2.6 times higher than
among matched patients with MDD without records of suicidal
behavior.

Meaning These findings show an association between suicidal
behavior and all-cause mortality in patients with MDD and warrant
additional interventional studies in health care practice.
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from the start of MDD until record of first suicidal behavior.
Controls were given the same index date as their matched case
(eFigure 1 in Supplement 1). Definitions of inclusion and ex-
clusion criteria are presented in eTable 1 in Supplement 1.

Statistical Analysis
The data analysis for this study was performed between
February 1 and November 1, 2022. All data management and
analyses were performed using R, version 3.6.0 software
(R Foundation for Statistical Computing). Patient character-
istics were described at MDD baseline and index (date of sui-
cidal behavior). In the time-to-event analyses, patients were
censored at first instance of emigration from Stockholm, death,
a record of an exclusion criterion, or end of follow-up, which-
ever came first. The time to first suicidal behavior was calcu-
lated as the time from MDD baseline until index, and in this
analysis, end dates of MDD episodes also qualified as censor-
ing events. To evaluate the association of suicidal behavior
with all-cause mortality, we used the Kaplan-Meier method
and Cox proportional hazards regression models. Robust SEs
were used to account for nonindependence (ie, that 1 patient
could have had >1 case of suicidal behavior per MDD epi-
sode). Episodes of MDD-SB and MDD-non-SB were followed
up from index until the outcome. In a sensitivity analysis, end
dates of MDD episodes were also included as censoring events.
Departures from the proportional hazards assumption were
evaluated using Schoenfeld residuals.

We analyzed psychiatric comorbid conditions, ongoing an-
tidepressant therapy, HCRU, and work loss from 12 months be-
fore to 12 months after the index date. Psychiatric comorbid
conditions were expressed as cumulative proportions per
month; ie, patients were included the first month they were
diagnosed with a psychiatric comorbid condition, and this in-
formation was carried forward to all later time points. Ongo-
ing treatment with antidepressant therapy (antidepressants,

add-on medication, electroconvulsive therapy [ECT], repeti-
tive transcranial magnetic stimulation, and psychotherapy)
(eTable 1 in Supplement 1) was calculated as the proportion of
patients treated per month. To be defined as receiving ongo-
ing treatment with antidepressant and add-on medication, each
patient had to have at least 1 pharmacy dispensation of medi-
cation that month or be covered with a medical supply from
a previous dispensation. For electroconvulsive therapy,
repetitive transcranial magnetic stimulation, or psycho-
therapy, patients were required to have at least 1 record of a
clinical procedure code for that procedure that month. Health
care resource utilization was defined as the mean number of
outpatient physician visits and inpatient bed days per month,
and work loss was defined as the mean number of days not
worked per month. Analyses of work loss were performed for
patients aged between 20 years and 64 years. Sick leave epi-
sodes lasting 14 days or less were not included, as they are not
recorded in patient records.

Risk factors for suicidal behavior among patients with MDD
were assessed using a study sample restricted to MDD epi-
sodes between 2015 and 2017. Only patients residing in Stock-
holm for 3 years or more prior to the start of the MDD episode
were included to ensure a sufficient period of baseline data.
Episodes where the start date of the MDD and date of suicidal
behavior coincided were excluded. In the model, the out-
come of interest was a record of suicidal behavior within 1 year
after the start of an MDD episode. Potential risk factors (eTable 2
in Supplement 1) were selected based on previous reports and
data availability,13-16 and a Cox proportional hazards regres-
sion model was fitted following the steps by Harrell17 (details
provided in eFigure 6 in Supplement 1). The final prediction
model was presented as a nomogram. The importance of each
risk factor was measured by partial Wald χ2 minus the predic-
tor df. We adhered to the Transparent Reporting of a Multi-
variable Prediction Model for Individual Prognosis or Diagno-

Figure 1. Derivation of the Study Sample

175 217 MDD episodes between January 1, 2012, and December 31, 2017

158 169 MDD episodes included in the study population

2240 MDD episodes with at least
1 record of SB analyzed

11 109 Matched MDD episodes 
without records of SB

17 048 Excluded
9406 Resided in Region Stockholm for <12 mo

2463 Bipolar disorder
1869 Dementia

135 Manic episode

7642 Had a recorded history of other psychiatric disorders
3175 Psychosis

Flowchart describing the derivation of the study sample of patients with major
depressive disorder (MDD) episodes (as defined in the eAppendix in
Supplement 1), including the matched study sample of patients with MDD with
and without suicidal behavior (SB). Suicidal behavior was defined using
International Classification of Diseases, Tenth Revision codes X60 to X84
(intentional self-harm) recorded in any diagnosis position and in both

outpatient and inpatient health care settings. The Methods section provides
more information. For MDD with SB, the index is the date of first SB within the
MDD episode. The matched controls (patients with MDD without SB) are given
the same index date as their matched case. The matching procedure is
explained in eFigure 1 in Supplement 1.
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sis (TRIPOD) statement18 in reporting of the results of the
prediction model.

Results
A total of 158 169 unipolar MDD episodes were identified be-
tween January 1, 2012, and December 31, 2017 (Figure 1). Among
these episodes, 2240 (1.4%) in 2219 patients had at least 1 rec-
ord of suicidal behavior (MDD-SB group; mean [SD] patient age,
40.9 [18.6] years; 1415 episodes [63.2%] in women and 825
[36.8%] in men), and 552 (24.6%) of these contained 2 or more
records of suicidal behavior. In MDD episodes lasting 5 years or
more, 430 of 14 170 (3.0%) had at least 1 suicidal behavior (eFig-
ure 2 in Supplement 1). The most common form of suicidal be-
havior was intentional self-poisoning (eTable 3 in Supple-
ment 1). The median time from MDD baseline (ie, from start of
episode until first suicidal behavior) was 165 days (IQR, 12-510
days). The matched MDD-non-SB control group included 11 109
MDD episodes in 9574 patients (mean [SD] patient age, 40.8
[18.5] years; 7046 episodes [63.4%] in women and 4063 [36.6%]
in men) (Figure 1). Patient characteristics at the time of the first
suicidal behavior within an MDD episode (index) for the
matched study sample are presented in the Table.

The all-cause mortality rate was 2.5 per 100 person-years at
risk for the MDD-SB group and 1.0 per 100 person-years at risk
for the MDD-non-SB group, based on 466 deaths. This rate cor-
responds to a hazard ratio of 2.62 (95% CI, 2.15-3.20) (Figure 2).
In a sensitivity analysis, MDD episodes were censored at the end
of the MDD episode (eFigure 3 in Supplement 1).

Already at the start of the MDD episode, patients in the
MDD-SB group appeared different compared with all patients
with MDD. For example, they were younger, more often diag-
nosed while in specialized care, and had higher work loss
(eTable 4 in Supplement 1). Patients in the MDD-SB group also
had a gradual increase in the prevalence of comorbid condi-
tions from approximately 12 months before index (eFigure 4
in Supplement 1). This increase was most pronounced for anxi-
ety, stress, substance use, and personality disorders. These dif-
ferences persisted at index between the MDD-SB and MDD-
non-SB groups (Table). eFigure 5 in Supplement 1 displays the
temporal distribution of monthly HCRU and work loss, with
a clear peak at index for the MDD-SB group.

Up until index, 1880 patients (83.9%) in the MDD-SB group
and 9012 patients (81.1%) in the MDD-non-SB group were
treated with antidepressants (Table). The proportion of pa-
tients treated with add-on medication (including lithium in 21
patients [0.9%] and 25 patients [0.2%] in the MDD-SB and
MDD-non-SB groups, respectively) and ECT was higher among
those in the MDD-SB group both at index and 12 months after
compared with the MDD-non-SB group. A total of 82 patients
(3.8%) in the MDD-SB group received ECT during the index
month, and the provision of psychotherapy ranged between
248 (11.5%) and 275 (14.2%) patients starting at the index month
and through the 12 months after the index month (Figure 3).

A risk score for factors associated with suicidal behavior
within 1 year after the start of an MDD episode (outcome) was
calculated using available variables. The 2 most important risk

factors for suicidal behavior were a history of suicidal behav-
ior together with age, which had a U-shaped association with
the outcome, with individuals younger than 20 years or 70 years
or older having the highest risks. The final risk score also in-
cluded the following factors (in descending order), the pres-
ence of which increased the risk for the outcome: history of sub-
stance use, history of sleep disorders, health care level in which

Table. Patient Characteristics at Time of First Suicidal Behavior
Among Episodes of Major Depressive Disorder (MDD) vs Episodes
of MDD With No Record of Suicidal Behavior, Matched by Sex, Age,
and Socioeconomic Status

Characteristic

No. of episodes (%)
MDD episodes
with ≥1 record
of suicidal
behaviora,b

Matched MDD
episodes
without suicidal
behaviorc

No. of episodes 2240 11 109

No. of patients 2219 9574

Age, mean (SD), y 40.9 (18.6) 40.8 (18.5)

Sex

Female 1415 (63.2) 7046 (63.4)

Male 825 (36.8) 4063 (36.6)

Psychiatric comorbid conditionsd

Anxiety 1288 (57.5) 4612 (41.5)

Stress 865 (38.6) 3153 (28.4)

Sleep disorder 540 (24.1) 1981 (17.8)

Personality disorder 303 (13.5) 335 (3.0)

Substance use disorder 1116 (49.8) 1196 (10.8)

Alcohol use disorder
(also included in the
substance use disorder
category)

722 (32.2) 776 (7.0)

Obsessive compulsive disorder 65 (2.9) 350 (3.2)

Hyperkinetic disorder 256 (11.4) 842 (7.6)

Autism spectrum disorder 93 (4.2) 376 (3.4)

Intentional self-harm (ever) 2240 (100) 158 (1.4)e

Event of undetermined intent 111 (5.0) 198 (1.8)

Nonpsychiatric comorbid
conditionsd

Cardiovascular disorder 204 (9.1) 841 (7.6)

Hypertension 384 (17.1) 1729 (15.6)

Hypothyroidism 128 (5.7) 642 (5.8)

Diabetes, type 1 41 (1.8) 180 (1.6)

Diabetes, type 2 117 (5.2) 494 (4.4)

Inflammatory bowel disease 22 (1.0) 132 (1.2)

Rheumatoid arthritis 17 (0.8) 98 (0.9)

Treatment (history)f

Antidepressants (Anatomical
Therapeutic Chemical
class N06A)

1880 (83.9) 9012 (81.1)

Add-on medication (lithium,
risperidone, olanzapine,
aripiprazole, and quetiapine)

399 (17.8) 539 (4.9)

Lithium (also included in
the add-on category)

21 (0.9) 25 (0.2)

Psychotherapy 726 (32.4) 3111 (28.0)

Electroconvulsive therapy 75 (3.3) 44 (0.4)

Repetitive transcranial
magnetic stimulation

≤5 ≤5

Full treatment–resistant
depression criteriag

270 (12.1) 572 (5.1)

(continued)
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MDD was diagnosed, history of antidepressant use, and his-
tory of anxiety disorders. eFigure 6 in Supplement 1 displays the
final prediction model, presented as a nomogram; all variables
evaluated for entry are defined in eTable 2 in Supplement 1. The
risk score yielded a C index of 0.78, and the internal bootstrap
validation indicated only minimal overfitting. The risk score was
well calibrated (eFigure 7 in Supplement 1).

Discussion
In this cohort study, we analyzed more than 158 000 MDD
episodes during 6 years, of which 2240 (1.4%) also included
suicidal behavior, with an average time from MDD diagnosis
to first record of suicidal behavior of less than 6 months. We
found that all-cause mortality was more than doubled in
adults with MDD who had a diagnosis of suicidal behavior
compared with those with MDD without suicidal behavior,
which in and of itself is associated with a doubled risk com-
pared with control patients without MDD.2,3 We found an
immediate increase in mortality after the first suicidal behav-
ior event, which appeared to be elevated throughout the
whole observation period. This suggests that suicidal behav-

ior may be a marker for MDD episodes with an increased risk
of mortality; although the SMC data were not linked to infor-
mation regarding cause of death, and any inference regarding
causality remains speculative. However, the incidence of
somatic disorders was not increased in the MDD-SB group,
indicating that unnatural causes, such as accidents and sui-
cides, may have been the main contributors to the increased
mortality.

The proportion of patients with suicidal behavior in our
study appears to be lower than in other registry-based stud-
ies of patients with MDD19 and compared with self-reports from
a general population.5 A possible explanation could be the vir-
tually full coverage of the patient population with MDD with
data from all health care settings in our study, thus not limit-
ing the sample to populations that could be considered to have
a higher risk of suicidal behavior, such as patients treated in
hospitals or other specialized settings. To reduce the risk of mis-
classifications, we also chose a stricter definition of suicidal
behavior by only including self-harm with intent diagnosed
during an ongoing MDD episode. Although previous studies
have shown that suicidal behavior is underdiagnosed,5 our
findings suggest that suicidal behavior in all patients with MDD
may not be as common as previously described, although any
estimate of suicidal behavior and/or suicide attempt could be
subject to uncertainty and methodological considerations.
However, in our data, suicidal behavior might be seen as a
marker for a subgroup of MDD episodes with more psychiat-
ric comorbidity, higher work loss, and substantially higher all-
cause mortality. Thus, developing an evidence-based clinical
guideline for both acute and long-term interventions for pa-
tients with MDD and suicidal behavior may be warranted.

Table. Patient Characteristics at Time of First Suicidal Behavior
Among Episodes of Major Depressive Disorder (MDD) vs Episodes
of MDD With No Record of Suicidal Behavior, Matched by Sex, Age,
and Socioeconomic Status (continued)

Characteristic

No. of episodes (%)
MDD episodes
with ≥1 record
of suicidal
behaviora,b

Matched MDD
episodes
without suicidal
behaviorc

Health care resource utilization,
mean (SD)h

Outpatient physician visits 11.4 (9.4) 7.7 (6.9)

Inpatient bed days 11.1 (25.8) 2.1 (8.9)

Work loss, mean (SD), daysi 87.1 (133.0) 53.0 (107.0)

a Definition of an MDD episode is provided in the eAppendix in Supplement 1.
b Suicidal behavior was defined using International Classification of Diseases,

Tenth Revision codes X60 to X84 (intentional self-harm) recorded in any
diagnosis position and in both outpatient and inpatient health care settings.
The Methods section provides more information.

c For MDD with suicidal behavior, index is the date of first suicidal behavior
within the MDD episode. The matched controls (MDD without suicidal
behavior) are given the same index date as their matched case. The matching
procedure is explained in eFigure 1 in Supplement 1.

d Psychiatric and nonpsychiatric comorbid conditions recorded 5 years prior
to index. Definitions are provided in eTable 1 in Supplement 1.

e Prior to current MDD episode.
f Treatments recorded at any time prior to index. Definitions are provided

in the eAppendix in Supplement 1.
g Treatment-resistant MDD was defined as 3 or more of the treatment trials

listed. To qualify as a new treatment trial, an antidepressant or add-on
medication had to be initiated within the MDD episode (eAppendix in
Supplement 1) and less than 28 days after previous treatment initiation and
to have a duration of 28 days or more. Time interval criteria did not apply to
electroconvulsive therapy or repetitive transcranial magnetic stimulation.

h Health care resource utilization recorded within 1 year prior to index. The
Methods section provides more information.

i Work loss recorded within 1 year prior to index. The Methods section provides
more information.

Figure 2. Cumulative Probability of All-Cause Mortality in Patients
With Major Depressive Disorder (MDD) With and Without
Suicidal Behavior (SB)
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Figure 3. Treatment Categories
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In our study, the majority of patients were treated with an-
tidepressants at the time of their suicidal behavior, indicat-
ing that the treatment may not have been sufficiently effec-
tive in ameliorating depressive symptoms and associated
suicidal behavior. Although the proportion of patients in the
MDD-SB group treated with add-on medications, ECT, and/or
psychotherapy increased after the first record of suicidal be-
havior, the proportions were still low. This finding suggests that
treatments for a majority of patients with MDD and suicidal
behavior could be improved both before and especially after
an suicidal behavior event. Specifically, long-term lithium treat-
ment could be indicated given its suggested association with
decreased all-cause mortality in affective disorders.20 Still, our
findings showed that less than 1% of patients with MDD and
suicidal behavior had initiated treatment with lithium at the
time of their first recorded suicidal behavior.

The baseline prevalence of nonpsychiatric comorbid con-
ditions was lower in patients with MDD and suicidal behavior
compared with all patients with MDD. This finding could be
explained by the lower age at baseline, as the differences dis-
appeared after matching. At baseline, patients in the MDD-SB
group also had greater proportions of anxiety disorders and
substance use than the MDD-non-SB group, which have pre-
viously been shown to be factors linked to suicide, suicide at-
tempts, and deliberate self-harm.13,15,21-25 Sleep disorders and
substance use disorders have previously been reported to be
associated with increased all-cause mortality,26,27 whereas
anxiety has not.28 These specific comorbidities were all found
to be associated with suicidal behavior in our data. Personal-
ity disorders have been linked to suicidal behavior,13 and they
constituted the highest relative difference in proportions be-
tween the MDD-SB group and MDD-non-SB group in our study.
In addition, the number of patients with personality disor-
ders almost doubled during the follow-up period, suggesting
that they were previously underdiagnosed. In absolute num-
bers, however, the majority of suicidal behavior events were
not linked to personality disorders.

The frequency of health care contacts and high rates of psy-
chiatric comorbidity among patients with MDD who later de-
velop suicidal behavior presents important opportunities for
health care to identify and treat these patients at an early stage.
A comprehensive approach that also includes diagnosing and
addressing these comorbidities, in addition to treating depres-
sive symptoms, would be beneficial. Should evidence-based
guidelines be developed on how to best optimize treatments to
avoid suicidal behavior, they should include early detection of
potential patients with MDD and suicidal behavior. With fu-
ture evidence-based guidelines in mind, we calculated a risk
score based on variables present in our data. The risk score could
be explored as a tool to help identify the risk of suicidal behav-
ior among patients with MDD in clinical practice. In the risk

score, the most important factors associated with suicidal be-
havior within 1 year after the start of an MDD episode were his-
tory of suicidal behavior and age, followed by history of sub-
stance use and sleep disorders. However, it is important to
emphasize that the predictive ability of this tool needs to be
evaluated in other patient populations and to acknowledge that
some important variables, such as family history of psychiat-
ric conditions, were not included.23 Thus, this tool should be
used as a complement and should not supersede a thorough
clinical evaluation. It is important to acknowledge that not all
patients with suicidal behavior present for treatment,29 even in
a universal health care system, which limits the assessment of
risk factors and possibilities for prevention.

Limitations
This study had several limitations. We defined suicidal behav-
ior as any diagnosis of intentional self-harm (ICD-10 codes X60-
X84) and did not include diagnoses of harm of undetermined
intent (ICD-10 codes Y10-Y34). Even so, this broad definition
probably gives a comprehensive picture of suicidal behavior
among patients with MDD. An suicidal behavior episode was
defined by records of consecutive events, and any additional
records of suicidal behavior at later time points were attrib-
uted to a new episode. This strict definition might have slightly
overestimated the number of suicidal behavior episodes, which
should be contrasted to previous reports that suicidal behav-
ior is underdiagnosed.5 The study population consisted of uni-
polar MDD episodes and excluded patients with records of bi-
polar disorder, dementia, or psychosis before or at baseline,
and patients who developed any of these conditions later were
censored in time-to-event analyses, limiting our ability to draw
conclusions on MDD-SB in these patient groups. However, sui-
cidal behavior may also be associated with an increased risk
of mortality in other psychiatric disorders. Other comorbid con-
ditions, such as anxiety, substance use, and personality dis-
orders, were included, which is important since they are com-
mon among patients with MDD in general, as well as among
patients with MDD and suicidal behavior in particular.

Conclusions
In this cohort study, we found that 1.4% of MDD episodes in
Stockholm, Sweden, involved records of suicidal behavior,
which is lower than previously reported.6-8 Among these pa-
tients, the all-cause mortality was more than doubled com-
pared with MDD episodes without records of suicidal behav-
ior. Our results also indicate that patients at risk for suicidal
behavior can be identified at an early stage to allow for en-
hanced monitoring and optimized treatment with the goal of
preventing suicidal behavior and reducing mortality.
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