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Abstract

Background: Previous studies that found an association between benzodi-

azepines and suicidal behaviours were confounded by indication bias.

Aims: To limit this bias, a case crossover study (CCO) was conducted to esti-

mate the risk of suicide attempt and suicide associated with benzodiazepines.

Method: Patients ≥16 years, with hospitalised suicide attempt or suicide

between 2013 and 2016, and at least one benzodiazepine dispensing within the

120 days before their act were selected in the nationwide French reimbursement

healthcare system databases (SNDS). For each patient, frequency of benzodiaze-

pine dispensing was compared between a risk period (days �30 to �1 before the

event) and two matched reference periods (days �120 to �91, and �90 to �61).

Results: A total of 111,550 individuals who attempted suicide and 12,312 sui-

cide victims were included, of who, respectively, 77,474 and 7958 had recent

psychiatric history. Benzodiazepine dispensing appeared higher in the 30-day

risk period than in reference ones. The comparison yielded adjusted odds ratios

of 1.74 for hospitalised suicide attempt (95% confidence interval 1.69–1.78) and
1.45 for suicide (1.34–1.57) in individuals with recent psychiatric history, and of

2.77 (2.69–2.86) and 1.80 (1.65–1.97) for individuals without.
Conclusion: This nationwide study supports an association between recent

benzodiazepine use and both suicide attempt and suicide. These results

strengthen the need for screening for suicidal risk carefully before initiation

and during treatment when prescribing benzodiazepines. Registration

No. EUPAS48070 (http://www.ENCEPP.eu).
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1 | INTRODUCTION

Psychiatric disorders and symptoms are among the main
risk factors for suicidal behaviours.1 Even though some
pharmacological and psychological treatments showed
preventive effectiveness, most drugs used to treat them
did not show a clear effectiveness in preventing suicidal
behaviours and some of them might increase suicide
risk.2–7 The impact of benzodiazepines on the risk of sui-
cidal behaviours is unknown.8 Previous studies found a
positive and significant association between benzodiaze-
pine exposure and both suicide death and suicide
attempts, in the general population or in patients with
psychiatric disorders as well.9–13 They were however
affected by potential indication bias where the causal
association links the outcome to the condition being
treated but not to exposure to treatment. Authors
adopted various designs to minimise this bias, such as
cohorts14–16 or matched case–control studies13,17 with
statistical adjustments for sleep disturbances, mood
disorders, history of suicidal behaviours, other psycho-
tropic drugs and other risk factors for suicide. Some
showed a dose-effect relationship, both short- (1 week)
and long-term (up to 1 year).13,15,18,19 However, resid-
ual confounding by indication could not be ruled out.
Mechanisms that might be involved in this association
remain unclear and are subject to various assumptions.
They might be causal, direct (disinhibition, cognitive
impairment, dissociative behaviour, parasomnia) or
indirect (depression, rebound insomnia or anxiety).8,12

Moreover, as the relationship was shown cumulative in
some studies, the role of repeated withdrawal or of
long-term lowering of the brain activation level that
might limit the ability to compensate some pre-existing
cognitive disturbances might be suggested.20 In this
context of uncertainty, this study aimed at estimating
the risk of suicide attempt and suicide death associated
with recent exposure to benzodiazepines in patients
with or without recent psychiatric history using
methods minimising confounding factors.

2 | MATERIALS AND METHODS

2.1 | Study design

A nationwide study was conducted using data from the
French reimbursement healthcare system (SNDS) from
1 January 2013 through 31 December 2016. A case cross-
over (CCO) study compared the presence of benzodiaze-
pine exposure immediately before the suicidal outcome
(risk period) with exposure within reference periods ear-
lier in time for each individual with suicidal outcome. This

within-person comparison design allows self-adjusting
over a short period for individual factors not typically
recorded in medicoadministrative healthcare databases
and not likely to change over such a short period of time,
such as psychiatric symptoms or disorders (insomnia,
depression, anxiety), substance or alcohol use, social isola-
tion, financial difficulties, or family history of suicide. This
design is especially adapted to study acute events and
intermittent exposures.21 An important assumption of the
CCO design is that intermittent exposures have stable
prevalence over time; potential exposure-trend bias was
thus examined in a sensitivity analysis.

The CCO analyses were performed in patients with an
identified suicide attempt or suicide and with at least one
dispensing of benzodiazepine in the preceding 120 days.
Since benzodiazepine treatment is issued for a maximum
of 30 days in France, we considered periods of 30 days for
exposure assessment. The odds of benzodiazepine use
were compared between the risk period (days �30 to �1
before the suicidal act) and two matched reference periods
(days �120 to �91, and �90 to �61 before the suicidal

Significant outcomes

• The association between benzodiazepines and
suicidal behaviours has to be clarified to
inform evidence-based practice guidelines for
suicidal risk management.

• The occurrences of suicide attempt or suicide
were associated with recent exposure to benzo-
diazepine (i.e., in the previous 30 days) com-
pared with former exposure.

• Benzodiazepine prescription should be avoided
in patients presenting with suicidal ideation
without careful clinical assessment and
monitoring.

Limitations

• The present study did not allow assessing a
potential dose-effect relationship between ben-
zodiazepine and suicidal behaviours and was
only designed to investigate a short-term
association.

• The study did not allow distinguishing between
the various hypotheses of mechanisms under-
lying such an association: suicidal ideation trig-
gering, facilitating effect on the transition from
ideation to act, cognitive impairment, dissocia-
tive behaviour, parasomnia, or psychiatric
symptoms worsening.
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act). Benzodiazepines dispensed on the day of the act were
not considered. A washout gap of 30 days between risk
and reference periods prevented any residual effect of an
exposure in reference periods on the act (Figure 1).

2.2 | Data source

French Health Insurance SNDS database consists of three
nationwide databases: the national health insurance
database (DCIR), the national hospital discharge data-
base (PMSI), and the national causes-of-death registry
(BCMD).22,23

The DCIR database comprises the anonymous and
exhaustive recording of all reimbursements of outpatient-
dispensed healthcare expenditure, including drugs, physi-
cian visits, lab tests or imaging investigations. Indications
for prescribing are not available in the database. The data-
base includes medical diagnoses related to long term
chronic diseases and disabilities eligible for full reimburse-
ment of health care. The PMSI database provides some
medical information (including diagnoses) on all admis-
sions to private and public settings in France; this database
is linked with data from DCIR by the personal identifica-
tion number, a unique identifier assigned to all French resi-
dents. Drugs administered during hospital stays are not
available in the database. Causes of death are linked to
DCIR and PMSI databases only after a delay of 4 years due
to long manual data quality validation procedures of manu-
script death certificates. The study focused on the beneficia-
ries of the general health insurance scheme for employees
and retirees (77% of the French population), as exhaustive
information on the date of death, necessary for linkage to
causes-of-death data, is only available for this scheme.

2.3 | Suicide attempt and suicide death

The suicidal outcomes were hospitalised suicide attempts
and suicide deaths. In the SNDS database, only acts lead-
ing to a hospitalisation can be studied. Hospitalised suicide
attempts were identified through the hospital discharge

codes from the international classification of diseases, 10th
revision (ICD-10; X60-X84 for intentional self-harm). The
date of hospital admission was used as the date of outcome
(index date). Suicides were identified through the causes-
of-death registry as those with an ICD-10 codes X60-X84
as well. The date of death was the index date. While inten-
tional self-harm does not equal to suicide attempt or sui-
cide, the fact that only hospitalised acts or death are
measured here suggest that most of them were considered
severe and probably suicidal. For individuals who died in
hospital with a diagnostic code of suicide attempt, the out-
come was considered as a suicide and the date of hospital
admission as the index date. This method has been per-
formed in previous studies.24,25

2.4 | Exposure to benzodiazepines

All benzodiazepines indicated for anxiety and for insom-
nia, as well as the related drugs zolpidem and zopiclone,
were considered (Table S1). Injectable forms were not
considered in the present study, as well as benzodiaze-
pines exclusively used as an anticonvulsant or anaes-
thetic (clonazepam, midazolam). As benzodiazepines
cannot be obtained over-the-counter and that their dis-
pensing always leads to reimbursement in France, their
use was identified from reimbursements information.
Therefore, patients were considered exposed within one
of the studied periods of interest if they have been reim-
bursed for at least one dispensing of a benzodiazepine
during this period. The day of benzodiazepine dispensing
was used as a proxy for drug initiation.

2.5 | Study populations

Eligible participants were all patients who carried out a
suicide attempt or suicide (outcome) between 1 January
2013 and 31 December 2016 (index date); were aged
16 and over at that date; and had at least one benzodiaze-
pine dispensing in the 120 days preceding the index date.
Exclusion criteria were a history of hospitalisation with
an intentional self-harm code in the 6 months preceding
the observation period (patients with a recent self-harm
behaviour might be more likely to both receive a benzo-
diazepine treatment and repeat such a behaviour); and at
least one dispensing for midazolam or clonazepam in the
observation period or in the year before.

In these, the risk of suicide attempt and suicide was
assessed within two populations: patients who were not
treated for a psychiatric disease over the year preceding
the period of exposure assessment (i.e., the observation
period, Figure 1), and patients who were treated for a
psychiatric disease over this period. The latter were

FIGURE 1 Diagram of the case-crossover design for studying

the association between benzodiazepine dispensing and the

occurrence of suicide attempt or suicide.
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defined as patients fulfilling at least one of the following
criteria in the year preceding the observation period: hos-
pitalisation in a psychiatry department; long-term disease
or disability status for one or more psychiatric disorders;
at least one dispensing of psychotropic drugs (antidepres-
sants, or antipsychotics, or lithium, or anticonvulsants
used as mood stabilisers, i.e., carbamazepine, valproate,
valpromide, and lamotrigine).

By agreement of the French Data Protection Supervi-
sory Authority (CNIL), neither ethics committee approval
nor informed consent were required for this observa-
tional study based on anonymized French medicoadmi-
nistrative databases.

2.6 | Statistical analysis

Conditional logistic regression models were used to esti-
mate the crude and adjusted odds ratios of suicidal
behaviours associated with benzodiazepine over the risk
period compared with the reference periods. Given the
short observation period (120 days), age and comorbidities
were considered fixed over all periods (risk and refer-
ence). Models were adjusted for time-varying con-
founders, that is, drugs likely to impact the risk of
suicidal acts (antidepressants, antipsychotics, mood stabi-
lisers, non-benzodiazepine anxiolytics and hypnotics)
(Table S2); exposure to these drugs was defined as dis-
pensing within risk or reference periods. Moreover, they
were considered as proxy for acute psychiatric episodes
and statistical adjustment allowed minimising confound-
ing by indication. Subgroup analyses were conducted
according to sex, age (<25 years, 25–65 years, and
>65 years), and benzodiazepine elimination half-life
(<20 h and ≥20 h). To assess the impact of benzodiazepine
exposure independently of other psychotropic drugs, ana-
lyses were also performed in patients with and without
other psychotropic drugs within the observation period.

Sensitivity analyses concerned: varying lengths of risk
and reference periods (15 and 45 days); performing another
CCO analysis using cyamemazine (a phenothiazine neuro-
leptic widely used as an anxiolytic and hypnotic in France)
as a negative control with similar risk of indication bias.
Cyamemazine is the most prescribed antipsychotic drug in
France, for its sedative and anxiolytic component.26 For this
purpose, the main CCO analysis among benzodiazepine
users was restricted to those who did not have cyamema-
zine dispensing during the observation period; similarly, a
second CCO was conducted among cyamemazine users
who did not have benzodiazepine dispensing within the
observation period. The associations between cyamemazine
and suicidal behaviours reflected confounding by indication
bias and was used to amend the associations between

benzodiazepines and suicidal behaviours. Finally, the ratio
of adjusted odds ratios (adjusted odds ratio for CCO in ben-
zodiazepine users, divided by adjusted odds ratio for CCO
in cyamemazine users) yielded an estimate for the associa-
tion of benzodiazepine use and the risk of suicidal out-
comes controlled for the risk of indication bias
(Appendix S1 and Figure S1). In addition, a case–case-
time-control model was performed to examine whether
the main CCO analysis was confounded by a time trend
in benzodiazepine use (Appendix S2 and Figure S2).

Data were analysed using SAS Enterprise Guide®

statistical software (SAS Institute, version 9.4, NC, United
States).

3 | RESULTS

The selection of patients with suicide attempt or suicide
eligible is detailed in Figure 2. Their main characteristics
are described in Table 1.

3.1 | Population without a recent
psychiatric history

The CCO analysis included 34,076 patients hospitalised
for suicide attempt and 4354 suicide victims with at
least one benzodiazepine dispensing in the previous
120 days. Within the risk period (days �30 to �1 before
suicidal outcome), general practitioners prescribed the
majority of benzodiazepines (77% (30,722/39,877 benzo-
diazepine dispensings) among patients who attempted
suicide, and 75.2% (3859/5133 dispensings) among sui-
cide victims). Benzodiazepine dispensing was more fre-
quent within the 30 days before suicide attempt
(adjusted odds ratio 2.77; 95% confidence interval 2.69–
2.86) and suicide death (1.80; 1.65–1.97) than in the ref-
erence periods.

The association between suicide attempt or suicide
and recent benzodiazepine dispensing varied across sub-
group analyses (Figure 3). The strongest association was
found in men hospitalised for suicide attempt (3.08; 2.93–
3.23). Age-stratified estimates suggested a greater associa-
tion between benzodiazepines and suicide (2.13; 1.89–
2.40) in patients aged 25–65 years. A similar association
with benzodiazepines was observed in those aged under
25 years with respect to suicide attempt (3.92; 3.62–4.25).
Owing to the low number of cases regarding suicide under
25 years (n = 66), the association could not be computed.
The association of suicide with recent exposure to short
half-life benzodiazepines was higher than that with recent
exposure to longer half-life benzodiazepines (1.85; 1.68–
2.04 vs. 1.29; 1.12–1.48, respectively).

4 TOURNIER ET AL.
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In patients with no other psychotropic drug use, an
increased odds ratio was found for suicide attempt (3.17;
3.06–3.29) and for suicide (1.88; 1.70–2.09) in presence of
recent benzodiazepine exposure compared with former
exposure. In patients taking other psychotropic drugs in
addition to benzodiazepines, an increased odds ratio was
also found for suicide attempt (1.90; 1.79–2.02) and for
suicide (1.60; 1.35–1.90), adjusting for the use of antide-
pressants, antipsychotics, mood stabilisers, and non-
benzodiazepine anxiolytics and hypnotics.

3.2 | Population with a recent
psychiatric history

A total of 77,474 cases of suicide attempt hospitalisation
and 7958 cases of suicide death with at least one benzodi-
azepine dispensing in the previous 120 days were
included in the analyses. Within the risk period, roughly
60% of benzodiazepines were prescribed by a general
practitioner (57.9% (78,612/135,670 benzodiazepine dis-
pensings) among patients who attempted suicide, and
56% (7250/12,952 dispensings) among suicide victims).
Benzodiazepine dispensing was more frequent within the
30 days before suicide attempt (1.74; 1.69–1.78) and sui-
cide (1.45; 1.34–1.57) than in the reference periods.

Men had a stronger association between benzodiaze-
pines and suicide attempt than women (1.95; 1.86–2.03

vs. 1.64; 1.59–1.69) (Figure 3). Also, patients aged under
25 years and aged 25–65 years had higher odds ratios of
suicide attempt in the presence of recent benzodiazepine
use than those aged 65 years and more (1.88; 1.70–2.07
and 1.78; 1.73–1.83 vs. 1.45; 1.35–1.56). The odds ratio of
suicide in the presence of recent exposure to short half-
life benzodiazepines was higher than that in the presence
of recent exposure to long half-life benzodiazepine for
suicide (1.48; 1.36–1.60 vs. 1.18; 1.08–1.29).

In patients with no other psychotropic drugs, an
increased odds ratio was found for suicide attempt (2.31;
2.17–2.46) and for suicide (1.45; 1.20–1.75) when benzodi-
azepine was dispensed in the 30 days preceding suicidal
outcome. In patients taking other psychotropic drugs in
addition to benzodiazepines, an increased odds ratio was
also found for suicide attempt (1.64; 1.59–1.68) and for
suicide (1.45; 1.33–1.58), adjusting for the use of these
other drugs.

3.3 | Sensitivity analyses

Sensitivity analyses confirmed the robustness of our main
findings (Figure 3; detailed results provided in Tables S3
and S4). Sensitivity analyses varying the length of the
periods (15 and 45 days) produced similar results. Sensi-
tivity analysis exploring the possibility of residual con-
founding bias by indication, using cyamemazine as a

FIGURE 2 Flow-chart of cases with suicide attempt or suicide, and according to recent psychiatric history.
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negative control, confirmed the association found in the
main analysis. For suicide attempt, the analysis yielded a
ratio of adjusted odds ratio (adjusted odds ratio for CCO
in benzodiazepine users, divided by adjusted odds ratio
for CCO in cyamemazine users) of 1.80 (1.53–2.12)
among the population with a recent psychiatric history, and
of 2.15 (1.76–2.64) in the other population. For suicide, ratio
of adjusted odds ratio was 1.66 (1.03–2.70) in the population
with a recent psychiatric history but could not be computed
in the population without a recent psychiatric history owing
to the low number of suicides among individuals exposed
to cyamemazine in this population (Figure 3).

Finally, the main results were replicated in the case–
case-time-control analysis, in both the population with-
out a recent psychiatric history (ratio of adjusted odds
ratio of 2.56 (2.44–2.69) for suicide attempt, and of 1.35
(1.13–1.62) for suicide), and the population with a recent

psychiatric history (ratio of adjusted odds ratio of 1.77
(1.70–1.85) for suicide attempt, and of 1.36 (1.18–1.57) for
suicide; Figure 3).

4 | DISCUSSION

4.1 | Main results

Recent exposure to benzodiazepine (i.e., in the previous
30 days) was significantly associated with the occurrence
of suicide or suicide attempt requiring a hospitalisation
compared with former exposure. This association was found
in patients with and without a recent psychiatric history,
but was stronger in people without. Sensitivity analyses led
to similar findings, including the use of a negative control
(cyamemazine) to minimise bias of confounding by

TABLE 1 Baseline characteristics of the populations with and without a recent psychiatric history.

Population without a recent
psychiatric history

Population with a recent
psychiatric history

Suicide attempt Suicide Suicide attempt Suicide
N = 34,076 N = 4354 N = 77,474 N = 7958
n (%) n (%) n (%) n (%)

Age (m, SD) 44.8 (18.0) 61.2 (18.4) 48.8 (15.0) 56.7 (16.0)

Male sex 14,240 (41.8) 3382 (77.7) 25,651 (33.1) 4649 (58.4)

Social deprivation indexa

Quintile 1 (the least deprivation) 3939 (12.7) 504 (12.1) 9921 (13.7) 1021 (13.6)

Quintile 2 5172 (16.6) 673 (16.2) 11,969 (16.5) 1226 (16.3)

Quintile 3 6170 (19.8) 831 (20.0) 15,511 (21.4) 1605 (21.4)

Quintile 4 7280 (23.4) 995 (23.9) 17,055 (23.5) 1845 (24.6)

Quintile 5 (the most deprivation) 8530 (27.4) 1153 (27.7) 18,021 (24.9) 1817 (24.2)

Number of different non-psychotropic drugs used in
the 6 months before the observation period (median,
IQR)

6 (2–10) 7 (3–12) 7 (4–12) 7 (3–12)

Characteristics in the 12 months before the observation period

Stay in non-psychiatric department 10,230 (30.0) 1448 (33.2) 34,507 (44.5) 3545 (44.5)

Stay in psychiatric department 23,371 (30.2) 2380 (29.9)

Public psychiatric consultation 27,666 (35.7) 2319 (29.1)

Private psychiatric consultation 2094 (2.7) 264 (3.3)

Other psychotropic dispensing

Antidepressant 67,960 (87.7) 6992 (87.9)

Antipsychotic 33,439 (43.2) 3609 (45.4)

Mood stabiliserb 13,263 (17.1) 1181 (14.8)

Non-BZD anxiolytic and hypnotic 22,331 (28.8) 1930 (24.3)

Drug for alcohol or substance use disorders 10,841 (14.0) 860 (10.8)

Abbreviations: BZD, benzodiazepines; IQR, inter quartile range.
aUnknown for French overseas territories.
bLithium, valproate, valpromide, carbamazepine, and lamotrigine.

6 TOURNIER ET AL.
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indication. The association between suicidal outcomes and
recent exposure to benzodiazepine was higher in men than
in women, when short half-life drugs were used, and in
patients receiving no other psychotropic drugs. The odds
ratio of suicide attempt when exposed to benzodiazepine
was higher in people aged under 65 years, and the odds
ratio of suicide as well but only when they had no recent
psychiatric history.

4.2 | Strengths and limitations

This study is based on large nationwide database. Design
and numerous sensitivity analyses minimised biases and
particularly confounding by indication. However, some
limitations should be mentioned. Benzodiazepines over-
dose is a frequent method of suicidal behaviour in
France, particularly of suicide attempt, and their dispens-
ing might make the method available instead of

triggering suicidal act. To avoid this bias, benzodiazepine
dispensings that occurred on the day of suicidal acts were
not considered. Moreover, in suicide cases, overdoses
were rare in these samples; violent methods accounted
for 92.2% of cases in patients without a recent psychiatric
history and 89.2% of cases in patients with a recent psy-
chiatric history. The database did not allow including sui-
cide attempts that did not require hospitalisation.27

However, the most severe and life-threatening acts are
hospitalised and therefore included in analyses. More-
over, the ICD-10 coding system does not allow distin-
guishing between non-suicidal and suicidal intentional
self-harming acts. However, deliberate self-harms leading
to hospitalisation or death are very likely to correspond
to suicidal behaviours. Similarly, some suicides might be
missing as some deaths might be misclassified as acciden-
tal or of unknown cause. As in any observational study,
dispensing does not mean drug ingestion. Some patients
might be dispensed benzodiazepine without any intake

FIGURE 3 Association between both suicide attempt and suicide and benzodiazepine. Estimates presented are adjusted odds ratio

(OR) with their 95% confidence interval, and ratio of OR for sensitivity analyses.

TOURNIER ET AL. 7
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and, conversely, some patients might use some pills that
were dispensed a long time ago. All these information
biases should impact the associations found only if they
are differential and, in this case, associations would be
underestimated. Finally, some time-dependent risk fac-
tors for suicidal behaviours were not available in the
database and residual confounding cannot be ruled out.

4.3 | Interpretation of results

The study found an association between recent dispens-
ing of benzodiazepines and both suicide attempts and
death, providing further support for a potential contribu-
tion of benzodiazepines to suicidal risk. Design, statistical
adjustments and sensitivity analyses allowed considering
time-invariant characteristics, such as personal and fam-
ily psychiatric history, and individual factors unlikely to
change over a short period of time, such as psychiatric
symptoms or disorders; therefore, minimising confound-
ing by indication that was the main limitation of previous
studies.8 Despite similar indications, the association
found remained after adjustment for non-benzodiazepine
anxiolytics or hypnotics and was significantly stronger
than the association between cyamemazine and suicide
attempt or suicide. The present study did not allow asses-
sing a potential dose-effect relationship and was only
designed to investigate a short-term association, future
research should focus on a cumulative risk over time
with benzodiazepine exposure. Similarly, the study did
not allow distinguishing between the various hypotheses
of mechanisms: suicidal ideation triggering, facilitating
effect on the transition from ideation to act, cognitive
impairment, dissociative behaviour, parasomnia, or psy-
chiatric symptoms worsening.

In the present study, the association between both
suicide attempt and suicide death and recent dispensing
of benzodiazepines or of other psychotropic drugs was
stronger in people without any recent psychiatric history.
Patients with a recent psychiatric history might benefit
from other types of care and support such as psychother-
apy and from previously acquired self-help skills with a
good preventive effectiveness such as safety planning.28

Others particular associations found are more difficult to
explain based on the present study. The particular effect
found with short half-life drugs might relate to repeated
withdrawals or with more varying level of exposure and
stronger associations found in men and non-elderly
might be linked to a proneness to impulsive behaviours.
This has to be further investigated. To conclude, even
though potential mechanisms of the association between
benzodiazepines and suicidal acts are not elucidated,
mounting arguments should make the prescribers aware

and cautious especially as treatment exposure complied
the short duration recommended by practice guidelines.
Additional safety precautions might be relevant in men,
with short half-life drugs and when the benzodiazepine is
prescribed as monotherapy. All prescribers of benzodiaz-
epines should be regularly trained to the assessment of
suicidal risk, particularly general practitioners as they ini-
tiated most benzodiazepine treatments in the population
we studied. In the week before suicide death, a third of
victims contacted health services, most often their gen-
eral practitioners for mental health purpose.29
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