
The suicide of an individual during in-patient treatment carries a
powerful emotional charge since psychiatric in-patient care is
supposed to be a safe haven from the destructive consequences
of mental illness. Consequently, hospital staff often feel a sense
of failure and guilt when patients who have been admitted to
hospital take their own lives. Medical and nursing staff often
believe that they should have assessed the patient more carefully,
been more aware of hints of suicide or provided closer super-
vision.1 Furthermore, in the aftermath of an in-patient suicide,
the staff are occupied with the containment of any further self-
destructive or suicidal behaviour among other patients in the
hospital.2 Efforts have been made to identify potential risk factors
in the prediction of in-patient suicides. Studies incorporating a
methodologically sound case–control approach provided support
for an association between in-patient suicide and previous suicidal
behaviour, a history of self-harm and previous suicide attempts.3–10

Additionally, recent adverse life events,5–7 depressed mood and
depression,3–6,10,11 schizophrenia,10 living alone,7,8,11,12 or being
unmarried,11 were acknowledged as risk factors for in-patient
suicide. Conflicting evidence exists regarding unemployment
status, with two studies identifying unemployment as a risk factor
for in-patient suicide,11,12 whereas another reported that people
dying by suicide were less likely to be unemployed.6 During the
time of hospital stay, some crucial factors deciding whether
increased awareness is warranted were identified: in several case–
control studies the highest risk was observed during the first few
days after admission.6,7,13 In addition, leaving the ward without
permission (absconding) was a strong predictor of in-patient
suicide.3,6,7,14 Furthermore, the absence or change of a key
professional can be associated with an increased risk of suicide.4

The means of suicide chosen by the patient reflects
availability,1,15,16 and depends on whether the patient is on or
off the ward at the time of death: suicides that occur on the ward
are usually accomplished by hanging,17 whereas off-ward suicides
are often more violent, including jumping off heights or in front
of a moving vehicle such as a train.18 Local danger areas are

generally known to experienced staff. However, it is not clear
whether these hazards predispose to suicide or merely determine
the method chosen.1 Railway tracks close to the facility might
provide enough audiovisual stimuli to implant the idea of railway
suicide in a patient’s mind, especially if the tracks are easy to
access. Choosing railway suicide indicates that the person is
determined to end her or his life; once the decision is made, there
is no room for ambiguity.19

Until now, to the best of our knowledge, no study has
provided a comprehensive decision model for in-patient suicide
risk, taking into account the patients’ suicidal predisposition as
well as events occurring after their admission to a psychiatric
hospital. Thus, our study of patients drawn from several
psychiatric hospitals aimed to provide a decision tree model of
in-patient suicide risk probability by identifying characteristics
and risk factors of patients who took their own lives (‘cases’)
compared with patients who did not (controls). The matching
criteria for controls included gender, age and admission date,
but also in-patient treatment in the same facility and the primary
psychiatric diagnosis. This approach ensured that any difference
between cases and controls could not be the result of differences
in the primary psychiatric disease. Further homogeneity was
guaranteed by restricting cases to one particular means of suicide,
i.e. railway suicide.

Method

The study population was drawn from all in-patients admitted
to six psychiatric hospitals located in southern Germany within
a 10-year period (1997 to 2006) which were in the vicinity of a
place with high suicide density on the German railway network
(a ‘hotspot’).20 The association of railway suicide cases at these
six hotspots with nearby psychiatric hospitals was examined by
comparing missing persons and suicide cases with the National
Central Registry of all personal accidents on the German railways.

398

Determinants of completed railway suicides
by psychiatric in-patients: case–control study
Karoline Lukaschek, Jens Baumert, Marion Krawitz, Natalia Erazo, Hans Förstl
and Karl-Heinz Ladwig

Background
Suicide prediction during psychiatric in-patient treatment
remains an unresolved challenge.

Aims
To identify determinants of railway suicides in individuals
receiving in-patient psychiatric treatment.

Method
The study population was drawn from patients admitted to
six psychiatric hospitals in Germany during a 10-year period
(1997–2006). Data from 101 railway suicide cases were
compared with a control group of 101 discharged patients
matched for age, gender and diagnosis.

Results
Predictors of suicide were change of therapist (OR = 22.86,

P= 0.004), suicidal ideation (OR = 7.92, P50.001), negative or
unchanged therapeutic course (OR = 7.73, P50.001), need
of polypharmaceutical treatment (OR = 2.81, P= 0.04) and
unemployment (OR = 2.72, P= 0.04). Neither restlessness nor
impulsivity predicted in-patient suicide.

Conclusions
Suicidal ideation, unfavourable clinical course and the use of
multiple psychotropic substances (reflecting the severity of
illness) were strong determinants of railway suicides. The
most salient finding was the vital impact of a change of
therapist. These findings deserve integration into the clinical
management of patients with serious mental disease.
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This registry documents all personal accidents on the entire
German railway track system except for municipal subway
providers. From this registry all fatal suicide cases satisfying the
operational definition of an act of suicidal behaviour according
to the ICD-10 category ‘intentional self-harm by jumping or lying
in front of a moving object’ (code X81) were identified.21 Fatal
suicide was defined as ‘death within 30 days’. A case–control study
was carried out with patient data (suicide group n= 101, matched
control group n= 101) from these six psychiatric hospitals. Suicide
cases were defined as railway suicide between 1997 and 2006 by a
person receiving in-patient treatment in a mental health ward in
one of the six psychiatric hospitals. By definition, the ward had
to be close (42 km) to tracks of the German railway company
Deutsche Bahn. Each suicide case was then matched with an
in-patient control according to the following five criteria (in
descending order of importance): in-patient treatment in the same
facility; gender; primary psychiatric diagnosis on admission
according to ICD-10 coding; age; and admission date. The
study was approved by the ethics committee of the Technische
Universität München.

Patient data were obtained retrospectively by reviewing
hospital records at each facility using a specially designed report
form that provides assistance in the evaluation of suicidal patients
in an in- or out-patient setting.22 This form comprised 54 items:
8 sociodemographic variables (age, gender, family status, living
alone, place of residence, religion, children, employment status);
14 items related to clinical data, including legal basis of admission,
psychiatric diagnosis at time of admission, seasonal variation in
the severity of the disorder, addictions, physical diagnosis at time
of admission, duration of the psychiatric disorder, number of
previous admissions, out-patient treatment, psychosocial triggers,
suicidality at the time of admission, previous suicide attempts
and family history of suicide; 14 items related to therapy and
treatment details, including change of diagnosis during treatment,
new diagnosis, treatment setting, permission to leave, medication,
compliance, change of medication in the past week, duration of
in-patient treatment, therapeutic course, having been scheduled
for discharge and time until discharge; 9 items regarding
psychopathological status at admission and during treatment;
and 9 items related to suicidal behaviour (suicidal ideation during
the course of treatment, indication of a current crisis, warning
signs, suicide note, place, method, date, time and witnesses of
the suicide). The physicians in charge were registrars and board-
certified psychiatrists who saw their psychiatric in-patients at least
briefly every day and offered longer sessions once or twice a week,
or even more frequently in times of crises.

Assessment of medication

For the cases group medication at the time of the suicide was
reported. Additionally, adjustments or changes in medication
within the 2 weeks prior to suicide were documented. For the
control group no information about medication after discharge
was available; therefore, medication at the time of discharge was
chosen for the assessment of this variable. Additionally, any
adjustment or change in medication within 2 weeks prior to
discharge was documented. Medication specified in the hospital
charts included tricyclic antidepressants (TCAs), selective
serotonin reuptake inhibitors (SSRIs), other antidepressants,
lithium, neuroleptics and benzodiazepines. Polypharmaceutical
treatment was defined as being prescribed three or more drugs.

Statistical analysis

Descriptive analyses were performed using the w2 test or Fisher’s
exact test for categorical variables; in case of group differences

for continuous variables, t-tests or Mann–Whitney U-tests were
used. Potential modifications of these associations by gender
were assessed by basic logistic regression including the respective
interaction terms in the regression equation. For multivariate
analyses, logistic regression was performed to identify potential
determinants for the occurrence of in-patient suicide using a
stepwise variable selection.23 For the variable selection procedure,
an entry criterion of a probability value P50.25 in the univariate
analyses and a stay criterion of P50.05 in the end model were
chosen. The area under the curve (AUC) and the Hosmer–
Lemeshow statistic were used to assess the model fit.23 In some
cases, information on the parameter in question was not
documented in the patient file and was therefore labelled
‘unknown’ in the questionnaire. Unknown parameters were
treated as missing values and were included in the logistic
regression as own category. In total, three models were calculated
including the following variables based on the entry criterion
described above. The first model, which assessed the patients’
predispositions, included the variables living arrangements,
employment status, compulsory admission order, duration of
psychological illness until admission, suicidality at admission,
previous suicide attempts and family history of suicide. The
second model assessed the following post-admission events
during hospital stay: polypharmaceutical treatment, change of
therapist, therapeutic course, suicidal ideation and number of
psychopathological symptoms. The third model was calculated
using stepwise variable selection and included all the variables
from the first and second models. Additionally, to identify
subgroups with low or high suicide frequency, we performed a
classification and regression tree (CART) analysis as described
by Breiman et al,24 including all variables of the final model in a
complete data-set (n= 140). A CART analysis is a tree-based
approach with a sequence of tests to assess a significant difference
in a response variable (e.g. suicide frequency) by an explanatory
variable (e.g. sociodemographic, clinical and psychopathological
variables). In each step, the explanatory variable with the lowest
P value drawn from the test is chosen to be the node. This
multivariate procedure allows the identification of different
subclasses of the study population with respect to an outcome
variable. With the minimum P value approach the study
population is divided into subsequent different dichotomous
subclasses (nodes). If no further significant association is observed
for the patients in a node or the number of patients in a node is
below 20% of the sample size (n= 28), the partition procedure
stops for this node which is then labelled a ‘terminal’ node.

A value of P50.05 was considered to be statistically significant.
All evaluations were performed with the statistical software package
SAS version 9.2 for Windows except the CART analysis which was
done using R version 2.8.1. The analysis and description in this
article follow the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for case–control
studies.25

Results

The study population (n= 202) was predominantly male (63.4%).
The mean age was 40.3 years (s.d. = 14.4, range 17–90). The main
diagnoses leading to admission were schizophrenia (62.4%),
affective disorders (26.2%), behavioural disorders due to
psychotropic substance misuse (5.5%), personality or behavioural
disorders (4.5%) and neurotic or somatoform disorders (1.0%).

Demographic characteristics

Table 1 displays the main sociodemographic characteristics of
participants in the cases and control groups that were not
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controlled by matching criteria. Despite being matched for age,
significantly more people in the cases group than in the control
group were retired or unemployed (P= 0.01). No statistically
significant difference between the two groups regarding living
arrangements, marital status or parenthood was observed.

Suicidal behaviour and clinical information
on admission

Suicide attempts before admission were more prominent among
the cases group compared with controls (Table 1). Significantly
more patients in the cases group had at least one previous suicide
attempt (P= 0.002) and suicidality was also higher. Regarding the
duration of mental illness, patients in the cases group had been
admitted either sooner (within 1 year after onset) or much later
(more than 4 years after onset) than controls (P= 0.047). No
statistically significant difference between cases and controls could
be detected regarding previous psychiatric admission, duration of
illness, admission by compulsory admission order or substance
misuse. Although a family history of suicide was more prominent
in the cases group, the difference between the groups was not
statistically significant (P= 0.11).

Medication at index event

The medication of patients at the time of the index event (suicide
for cases, discharge for controls) is given in Table 2. Overall, the
intensity of pharmacological therapy was higher in the cases
group, with SSRI and benzodiazepine use differing significantly
from the control group (P= 0.01 and P= 0.002 respectively).
Medication with lithium was rare and was insignificantly more
common in the control group. More than a third (38%) of
patients in the suicide group were receiving polypharmaceutical
treatment compared with 16% of the control group (P50.001).
Additionally, we examined whether any modification in the
pharmacological treatment occurred during the 2 weeks prior to
the index event. The data indicate that the disease status of cases

required extensive treatment modification (P= 0.005). Table 2
shows in detail which modifications were made to the medication
of patients in the two groups. Differences were observed regarding
the initiation of antidepressant therapy (P= 0.014) and adjustments
of SSRI dosage (P= 0.007). A closer look at patients taking SSRI
medication (n= 31) revealed that suicide was completed by 71%
(n= 22) and that significantly more of those in the cases group
(73%, n= 16) additionally took benzodiazepines (P= 0.017).
Patients in the cases group taking SSRI medication were more
likely to have had an increase in symptom severity (three or more
psychopathological symptoms) during their hospital stay than the
control group (45% v. 22%, P= 0.42).

Treatment and therapeutic setting

The therapeutic setting during the hospital stay turned out to have
a major impact on suicide risk (Table 2). A change of therapist in
the week prior to suicide was experienced by a fifth of the cases
group, leading to a statistically significant difference between the
groups (P50.001). Furthermore, patient records revealed signs
of suicidal ideation among the cases group (P50.0001). As a
consequence, the therapeutic course was rated as unchanged or
negative for almost a third (31%) of the cases group, but for only
12% of the control group (P= 0.001). In 21% of suicide cases an
acute crisis was documented shortly before the suicide.

Arrangements at the time of suicide

Most of the 101 suicides occurred within the first 3 months of
admission: 9% occurred within the very first week, 37% within
the first 4 weeks, 27% (n= 27) within the second month and
15% (n= 15) within the third month. A total of 30 cases (30%)
were designated for discharge from hospital, whereas in 63 cases
(62%) treatment was to be continued; in 8 cases (8%) this
information was missing. The majority of patients who later died
by suicide on the railway tracks had been assigned to an open
ward at the time of death (82%) and were allowed to leave the
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Table 1 Sociodemographic factors, clinical information and suicidal behaviour of the sample at hospital admission (n = 202)

n Cases Controls P

Sociodemographic factors, n (%)

Employment status 184 0.01

Retired 32 (33) 13 (15)

Unemployed 34 (35) 31 (36)

Employeda 32 (33) 42 (49)

Living arrangement 195 0.18

Living alone 36 (37) 27 (28)

Not living alone 62 (63) 70 (72)

Marital status 196 0.27

Married 32 (32) 38 (40)

Separated, divorced, widowed 68 (68) 58 (60)

Parenthood 195 32 (33) 38 (39) 0.34

Clinical information

Duration of mental illness until admission, years: n (%) 184 0.047

41 28 (28) 19 (22)

1–4 10 (10) 20 (24)

44 61 (62) 46 (54)

Compulsory admission, n (%) 200 20 (20) 29 (29) 0.16

Number of previous psychiatric admissions: median (min/max) 192 3 (0/83) 2 (0/43) 0.62b

Suicidal behaviour, n (%)

Previous suicide attempt 184 46 (50) 25 (27) 0.002

Family history of suicide 133 10 (15) 4 (6) 0.11

Suicidality at admission 196 35 (35) 23 (24) 0.074

Substance misuse, n (%) 190 29 (30) 28 (30) 0.97

a. Employed category comprised employment, homemaking, training.
b, Mann–Whitney U-test.
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ward (80%). A minority of suicides took place after the patient had
absconded from hospital (5%). An acute crisis was documented in
21%: of these, 2 (9%) were assigned to a secure ward and 3 (14%)
had permission to go out with an accompanying person. Nine
patients (9%) gave an early concrete warning; of these, 2 had
restricted permission to go out and 1 was detained on a secure
ward. Only 6 (6%) left a suicide note.

Psychopathological symptoms

Of the symptoms that first occurred during hospital stay,
sustained depressive mood was significantly associated with
in-patient suicide (P= 0.005; Table 3). Patients in the control
group (19%) were slightly more impulsive than those in the cases
group (12%; P= 0.17), whereas restlessness and increased drive
were more prevalent among the control group (P= 0.19). Patients
in the cases group more often reported three or more
psychopathological symptoms than did those in the control group
(P= 0.001, Table 3). Self-harm was observed in more cases group
patients, but the difference was not significant (P= 0.21).

Gender differences

Interaction analyses revealed that the associations described above
were not modified by gender, indicating a stable pattern of suicide
risk in both men and women in this study population.

Multivariate analyses

Logistic regression analyses

To identify potential risk factors for in-patient suicide, logistic
regression models focused first on suicidal predisposition, second
on events after admission, and finally the strength of association of
all factors in a combined model (Table 4). Regarding in-patients’

suicidal predisposition (first model), being retired (OR = 3.87,
95% CI 1.60–9.32, P= 0.003), previous suicide attempts
(OR = 3.05, 95% CI 1.53–6.07, P= 0.002) and duration of mental
illness (41 year, OR = 4.21, 95% CI 1.49–11.88, P= 0.007; 44 years,
OR = 2.53, 95% CI 1.00–6.38, P= 0.049) significantly increased the
suicide risk compared with their respective reference groups.
Differences between unemployed and employed patients failed
to reach statistical significance (OR = 2.08, 95% CI 0.98–4.41,
P= 0.056). Living arrangements, compulsory admission order,
duration of mental illness until admission, suicidality at admission
and family history of suicide had no impact on subsequent
suicide. With regard to the model fit, an AUC of 0.76 was
estimated, showing a sufficient ability of risk prediction. The
Hosmer–Lemeshow statistic indicated an excellent model fit
(P= 0.84).

Regarding post-admission events (second model), the
strongest effect on suicide risk was observed for patients with a
change of therapist, indicated by an almost 19-fold risk increase
(P= 0.006). A therapeutic course rated as ‘unchanged’ or ‘negative’
increased the suicide risk about 8.5 times (P50.001). Suicidal
ideation during hospital stay was significantly associated with
the risk of in-patient suicide (OR = 7.35, P50.001). Regarding
the impact of medication, treatment with three or more different
drugs significantly increased the risk of suicide (OR = 2.90,
P= 0.023). An AUC of 0.88 was estimated showing a sufficient
ability to predict risk prediction, and the Hosmer–Lemeshow
statistic indicated an excellent model fit (P= 0.46).

In the final model combining in-patient predispositions at
baseline and post-admission events (data not shown), unemployment
(OR = 2.72,P= 0.04) was the only baseline risk factor to remain in the
model, whereas retirement only just did not reach significance
(P= 0.051). From the post-admission model, all factors (change
of therapist: OR = 22.86, P= 0.004; suicidal ideation: OR = 7.92,
P50.001; negative or unchanged therapeutic course: OR = 7.73,

401

Table 2 Post-admission features: medication and change in medication at index event (suicide or discharge), therapeutic setting

and treatment progression

Cases

n (%)

Controls

n (%) P

Medication at index event (n= 202)

TCA, stimulating 1 (1) 2 (2) 1

TCA, sedating 17 (17) 11 (11) 0.22

SSRI 22 (22) 9 (9) 0.01

Other antidepressant 15 (15) 14 (14) 0.84

Lithium 4 (4) 9 (8) 0.15

Neuroleptics, sedating 43 (43) 31 (32) 0.08

Neuroleptics, extrapyramidal side-effects 32 (32) 21 (21) 0.08

Neuroleptics, atypical 43 (43) 49 (48) 0.40

Benzodiazepines 41 (41) 21 (21) 0.002

Polypharmaceutical treatment 38 (38) 16 (16) 50.01

Modification of medication 52 weeks before index event (n= 175)

Initiation of antidepressant therapy 7 (7) 0 (0) 0.014

Adjustment of SSRIs 8 (8) 0 (0) 0.007

Discontinuation of antidepressants 3 (3) 3 (3) 1

Initiation of neuroleptic therapy 3 (3) 3 (4) 1

Adjustment of neuroleptics 21 (22) 11 (13) 0.07

Discontinuation of neuroleptics 0 (0) 1 (1) 0.49

Initiation of benzodiazepines 5 (5) 2 (34) 0.44

Discontinuation of benzodiazepines 7 (7) 4 (5) 0.38

Therapeutic setting during hospital stay and treatment progression

Change of therapist (n= 175) 20 (22) 3 (3) 50.001

Therapeutic course (n= 197) 0.001

Positive 68 (69) 86 (88)

Unchanged or negative 31 (31) 12 (12)

Suicidal ideation (n= 167) 37 (37) 6 (9) 50.001

SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
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P50.001; polypharmaceutical treatment: OR = 2.81, P= 0.04) were
retained in the model. Thus, one can conclude that the character-
istics at admission lost their significant impact on suicide mortality
when post-admission conditions were taken into account. Regarding
model fit, an AUC of 0.90 was estimated showing an excellent
ability of risk prediction, and the Hosmer–Lemeshow statistic
indicated an excellent fit (P= 0.62).

A sensitivity analysis was performed by repeating the logistic
regression analysis in a complete data-set, i.e. without missing

values for any of the variables in the end model (n= 140 with
86 cases and 54 controls). When comparing estimates from the full
data-set (n= 202) with estimates from this complete data-set the
odds ratios were similar (change of therapist OR = 21.59,
P= 0.005; suicidal ideation OR = 8.06, P50.001; negative or
unchanged therapeutic course OR = 6.35, P= 0.003; poly-
pharmaceutical treatment OR = 2.65, P= 0.06; unemployment
OR = 2.43, P= 0.11); the percentage change in odds ratios ranged
from 72% to 18%. The model fit in the complete data-set was
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Table 3 New onset of psychopathological symptoms during hospital stay (n = 202)

Cases

n (%)

Controls

n (%) P

Symptom

Affective flattening 26 (26) 16 (16) 0.08

Depressed mood 67 (66) 47 (46) 0.005

Euphoria 4 (4) 5 (5) 0.73

Guilt/failure 13 (13) 6 (6) 0.09

Impulsivity 12 (12) 19 (19) 0.17

Morning low 6 (6) 7 (7) 0.77

Numbness 6 (6) 4 (4) 0.52

Resignation 17 (17) 10 (10) 0.15

Restlessnessa 36 (36) 27 (27) 0.19

Worthlessnessa 12 (12) 9 (9) 0.50

Number of psychopathological symptomsb 0.001

42 70 (69) 87 (88)

53 31 (31) 12 (12)

Self-harmc 13 (13) 8 (8) 0.21

a. n= 201.
b. n= 200.
c. n= 198.

Table 4 Association of determinants and suicide risk estimated by logistic regression modelsa

OR (95% CI) P

Suicidal predispositionb

Employment status

Retired 3.87 (1.60–9.32) 0.003

Unemployed 2.08 (0.98–4.41) 0.056

Employed (ref.) 1.00

Duration of psychical illness until admission, years

41 4.21 (1.49–11.88) 0.007

1–2 (ref.) 1.00

44 2.53 (1.00–6.38) 0.049

Previous suicide attempts

No (ref.) 1.00

Yes 3.05 (1.53–6.07) 0.002

AUC = 0.76, HL statistic 4.21, P= 0.84

Post-admission eventsc

Change of therapist

No (ref.) 1.00

Yes 18.87 (2.32–153.72) 0.006

Therapeutic course

Positive (ref.) 1.00

Unchanged or negative 8.57 (2.64–27.80) 50.001

Suicidal ideation

No (ref.) 1.00

Yes 7.35 (2.66–20.30) 50.001

Polypharmaceutical treatment

No (ref.) 1.00

Yes 2.90 (1.16–7.28) 0.023

AUC = 0.88, HL statistic 5.65, P= 0.46

AUC, area under the curve; HL, Hosmer–Lemeshow; ref., reference.
a. Missing values were included as a category; estimates are not shown.
b. Selected variables for model 1 (patients’ predisposition): living arrangements, employment status, compulsory admission order, duration of psychical illness until admission
in years, suicidality at admission, previous suicide attempts, family history of suicide.
c. Selected variables for model 2 (post-admission events): polypharmaceutical treatment, change of therapist, therapeutic course, suicidal ideation, number of psychopathological
symptoms.
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excellent with an AUC of 0.83 and a Hosmer–Lemeshow statistic
of 7.75 (P= 0.36).

CART analysis

In order to identify subgroups at high risk of suicide a CART
analysis was carried out in the subsample of 140 patients with
complete data (Fig. 1). This analysis assessed the variables
included in the final model (change of therapist, suicidal ideation,
therapeutic progression, polypharmaceutical treatment and
employment status) and revealed six terminal nodes with suicide
probabilities in subgroups ranging from 24% to 100%. The lowest
number of suicides was found within the subgroup who did not
experience a change in therapist, showed no suicidal ideation
during hospital stay, were positively rated regarding the
therapeutic progression and were employed (24%, n= 29). The
highest suicide risk (95%) was found for the subgroup that
experienced a change in therapist. Among those who did not
experience a change in therapist, suicide risk was highest for those
who showed signs of suicidal ideation and were subjected to
polypharmaceutical treatment (100%); the risk was next highest
(82%) for those who showed no suicidal ideation but whose
therapeutic progression was rated as unchanged or negative.

Discussion

We analysed individual risk at admission and factors during the
hospital stay in a comprehensive case–control approach in order
to identify risk factors for in-patient suicide. The strongest effect
was observed for patients whose key therapist had changed, which
resulted in a more than 20-fold increase in suicide risk in the final
multivariate analysis. The loss of a confidant is a disturbing event
that can trigger suicide in vulnerable patients and therefore must
be met with increased attention by hospital staff.4 Furthermore, a
therapeutic course that was rated ‘unchanged’ or ‘negative’
significantly increased the suicide risk. It has been reported that
suicide risk may increase when the therapeutic alliance breaks
down and the patient shows recurrent relapses and resistance to

treatment.26 Another strong association was observed for suicidal
ideation during the hospital stay, resulting in a 7-fold increased
risk of in-patient suicide. A recent review confirmed a positive
association of suicidal ideation while in hospital and subsequent
suicide.10 It is noteworthy that in a study by Busch et al the
majority of in-patients for whom information on suicidal ideation
was available denied suicidal thoughts and intent at their last
communication before suicide.27 Regarding the new onset of
psychopathological symptoms during the hospital stay
(independent from the admission diagnosis), significantly more
patients in the cases group experienced more than two symptoms.
A significant difference between cases and controls was detected
for depressive mood in the univariate model, but it did not reach
significance in our multivariate model. Contrary to previous
studies pointing to an association between impulsivity and
suicidal behaviour,28 impulsivity was more prominent in our
control group, although the difference did not reach significance.

The relationship of pharmacotherapy and in-patient suicide is
difficult to determine and results vary between studies.29 Overall,
our study revealed that polypharmaceutical treatment was
significantly more common among cases than controls. One can
conclude that symptom severity was increasing among the suicide
group, leading to a devastated state of mind which in turn resulted
in more medication to counteract the severity of illness. In our
study a statistically significant association between the intake of
SSRI and the risk of suicide was observed. Further analysis of a
subgroup of patients receiving SSRI treatment revealed an
increased risk for patients additionally taking benzodiazepines
and with a multitude of psychopathological symptoms. The SSRIs
may have contributed to an increase in drive and unstable mood
during critical treatment periods in some patients,9 thereby
increasing the risk of suicide. On the other hand, antidepressant
treatment might have been initiated because the patient had
entered an acute depressive phase; hence, the suicide was due to
the depressive mood rather than the medication. Depressive mood
has been frequently considered as a predictor of suicidal
behaviour.15,29 Notably, a recent review observed a tendency for
decreasing suicide rates in European countries where the use of
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Polypharmaceutical
treatment

(n= 10): 100%

No polypharmaceutical
treatment

(n= 22): 77%

Therapeutic course
positive

(n= 70): 36%

Therapeutic course
unchanged or negative

(n= 17) 82%

Employed
(n= 29): 24%

Unemployed/retired
(n= 41): 44%

No change of key
therapist

(n= 119): 55%

Change of key
therapist

(n= 21): 95%

Complete
data-set
(n= 140)

Suicidal ideation
(n= 23): 84%

No suicidal ideation
(n= 87): 44%

Fig. 1 Classification and regression tree analysis showing subgroups with low or high suicide probability.
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antidepressants, including SSRIs, has been increasing.30 Given the
evidence above, one can conclude that patients in the suicide
group had been steadily deteriorating (sustained depressive mood,
negative healing progression, suicidal ideation), their condition
additionally weakened by the loss of a confidant (change of
therapist). The hospital staff evidently tried to break this
downward development by increasing the pharmaceutical
treatment.

The results from the multivariate regression model were also
corroborated by the CART analysis. The study population could
be divided in several subgroups. The main divisors were change
in therapist, therapeutic progress and suicidal ideation.

Compared with events during the hospital stay, patients’
predispositions at admission lost their significant impact on
suicide mortality when post-admission conditions were taken into
account in a combined model. Nonetheless, staff should pay
attention at admission to individual characteristics that emerged
as potential risk factors for in-patient suicide in our analysis. As
generally acknowledged,10,31,32 previous suicide attempts were a
strong predictor of later suicide. We also found that short illness
(<12 months) was predictive of suicide, probably due to more
severe symptoms among these patients. Long illness (44 years)
barely achieved significance, possibly reflecting an enduring
struggle with illness. Our study identified retirement or
unemployment as risk factors for suicide. This finding is
important, because although cases and controls were matched
for age, significantly more of those in the cases group were not
among the working population. Unemployment is strongly related
to increased suicide mortality.28,33,34 This may be due to the rapid
social changes and sense of alienation that can occur when a
person becomes unemployed or is made redundant. Expecting a
lower standard of living after losing a job leads to higher suicide
mortality.35 This result may be explained by the stress-related
consequences of experiencing uncertainty. A multilevel analysis
of self-perceived job insecurity in 17 European countries revealed
that it has far-reaching negative effects on physical and mental
health.36 Unemployment, a state of seeking and currently lacking
an established social position in life, is itself stressful and
stigmatising. Additionally, being deprived of work makes the
individual more psychologically vulnerable to other adversities,
and increases the risk of isolation.35 Job loss tends to precede
the onset of psychiatric disorders and is associated with clinical
and subclinical depression, anxiety, substance and alcohol misuse
and antisocial behaviour.37 The frustration of becoming
unemployed and the lack of a job are factors that affect human
levels of aggression and autoaggression, and provoke emotional
states conducive to suicidal behaviour. Notably, a family history
of suicide did not emerge as a risk factor, although it was present
more often among cases than among controls. However, findings
on family history of suicide are highly incongruent.10,15

Characteristics of in-patient suicide

In our study a third of suicides occurred within the first month
after admission. The first weeks after admission are generally
acknowledged to be a high-risk period for in-patient
suicide.3,13,15,26,29,32,38 The majority of suicides took place when
the patients were on agreed leave. Knowing that the first weeks
of hospitalisation are a time of increased vulnerability, careful
assessment of patients who have been given permission to leave
might also reduce in-patient suicides. It is noteworthy that in only
a small proportion of cases were warning signs observed, which
complicates the early detection of suicidal intention.27 In several
hospitals that we investigated a clustering of railway suicides
occurred within a short period: from the data we cannot deduce

whether the patients who died knew each other, or to what extent
details about the incidents circulated among patients. Research
evidence for in-patient suicide clustering and contagion is poor.15

However, as suggested above, railway tracks located close to the
facility might provide enough audiovisual stimuli to implant the
idea of railway suicide in a patient’s mind. This hypothesis has
been investigated in a number of studies, which yielded ambiguous
results.39 Studies of railway suicides in Belgium concluded that the
existence of a medical institution in the vicinity of a railway track
was a defining characteristic of hotspots.40,41 In Australia also,
sections of railway lines in the vicinity of mental health facilities
have been identified as hotspots.42 On the other hand, Symonds
showed that psychiatric in-patients did not select the station or
railway line closest to their unit, but instead chose a location closer
to their home.43 Almost two-thirds of the study sample were
admitted with schizophrenia as their primary diagnosis upon
admission. This provides further evidence for the hypothesis that
railway suicide is typical of patients experiencing schizophrenic
psychosis.44

Measures to prevent railway suicide

Although railway suicides represent only a small proportion of all
suicides,45,46 they cause the majority (460%) of fatalities on
railways in the EU.47 Owing to the immense human and economic
cost of such suicides, innovative preventive measures are
warranted. Initial evidence has suggested that technical measures
such as restricting access (e.g. by installing physical barriers in
strategic places),41,48 or the installation of blue lights on train
platforms, as in Japan,49 are effective. Non-technical approaches,
such as awareness programmes or gatekeeper training courses,
have also shown promise.50,51 An integral part of such courses is
to train people to recognise the behavioural patterns of those
possibly contemplating railway suicide,52,53 and to be alert for
specific high-risk time windows of this form of suicide (e.g.
weekdays, daytime).54 In Germany an array of preventive
measures was implemented in 2002 within the framework of the
German Railway Suicide Prevention Project. It included an
awareness programme, media approaches and hotspot analysis,20

as well as the introduction of a rule regarding passenger
announcements requiring avoidance of the term ‘suicide’.19 This
selection of measures led to a decline in railway suicides.

Strength and limitations

Strengths of the study include its case–control design and the
thorough and exhaustive review of charts. Matching cases and
controls for their primary admission diagnosis ensured that
differences between the groups could not be a result of differences
in the primary psychiatric disease. Few case–control studies have
matched participants for the main diagnosis,3,4,31 and the
numerator/denominator problem has therefore not been
addressed in many studies, leading to an overrepresentation of
suicide cases with a diagnosis of bipolar disorder or schizophrenia.
A limitation of our study was the inclusion solely of patients who
took their own lives during a hospital stay; the study did not
include people who took their own lives shortly after being
discharged, a situation known for its high suicide risk.55–57 It
cannot be completely ruled out that the retrospective approach
introduced bias, although it is unlikely: entries to the hospital
records were made before patients were discharged or died. The
number of patients in some subgroups was small, leading to wide
confidence intervals. Differences in the mental healthcare systems
between countries may limit generalisability. Our sample was
restricted to railway suicides in particular in order to provide
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further knowledge about the clinical risk factors for in-patients
choosing this form of suicide.

Implications

Understanding the factors associated with an increased likelihood
of suicide has the potential to save lives. The findings of this
case–control study confirm the need for a thorough anamnesis
of in-patients’ medical history: patients presenting at psychiatric
centres should be specifically questioned about their employment
status and previous suicide attempts. The most salient finding of
our study was the vital impact of a change of therapist for high-
risk patients. Among those who did not experience a change in
therapist, suicide risk was highest for those who showed signs of
suicidal ideation and were subjected to polypharmaceutical
treatment. If no suicidal ideation was reported, an unchanged or
negative therapeutic progression led to an increased risk. A short
duration (512 months) of psychiatric illness, depressed mood
and a high number of psychopathological symptoms were also
associated with in-patient railway suicide, whereas impulsivity
and restlessness during the hospital stay were not. These findings
need to be integrated into the practical clinical management of
patients with serious mental disease.
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